Q1 soluble polyners The present application rel ates
to oil-soluble polynmers, to processes for their
preparation and to 5 their use.

Pol yal kyl (met h) acryl at es(PA(M As) -general |y
synt hesi zedbyconventi onal f ree-radi cal copolynerlzatlon
ofwea 2vioyygpes®d different al kyl 10 (nmepbyaerades/ees060
(A(MAs)- bring about, as oil additives, depending on
t he .nol ecul ar wei ght and conposition, a rise in the
V%ﬁﬁpi 5&b13§%ﬁ4ﬁégscoupled wi t h out st andi ng

| owt enper at operties conpared to other viscosity
i ndex inprovers (Mls) (RM Mrtier, 15 S.T. Oszulik
edhe Chesbshty aﬁ@ll’eahm@hogyrafatleubri gant sHilBlsatkbee

2 TRATEES) R REPRIRRS ol ol T Fort SR BT ARE (Y 2k

oithedddiretves is, trivially, the oil solubility of t he
polyners whi ch, in the case of 20 the PA(MAs, is

he ce, of suffl | ar ge
O%SZLP'Q§PY |dep ? S %3’\% §°t ypi Zbﬁl& ZA145)30 ga %%@ghy
atsymshesheed| . of PA{ M As c@avsetienakd fur tfiee- rad:.cal

| frc%%@zpﬁéyl@é/ta?& cqppl yarermg}tﬁw:eshwﬂ chidferabky! alkyl

10

15

neth tes 0 | e | (neth)acrylate
u(l”S'?It ? ? 35| at@ %%n‘g 632E , t% thrl zo%1 811
Cedddtaveon) . dgbendiing achi evidtst e malidsudgeh PALERRAs and
a@%m espe{&hgga %géﬂqrp%@ee&ggbs% peidaanen) sbegled
n and base o yhe, y
iAo kLA T R FTPE A 558 Prckin S coBYEkaY ko
f@ﬁbﬁrowaﬁﬂpylmythnﬂ@gaﬁmmﬂ@VBﬁé divgger si iy MacMeshier
S@Qfp, a@flsé@i%k paéti}sCl es dh%m@%hk?Ve@n@y t'b@cl%ﬁalc;gy of
C merj zaton o en 0X cont.ai nixn
ng'ﬁg’ﬁtgF%nt%Uchgﬁgkh‘? %?rﬁ ngeg efﬁ%‘?%%hacrg X %Ei 7
(Usn.@pﬂSI,‘BﬂQﬁ 1E4I-15Eiu&PdJ$t5 367 Nenuie sand CESHRERYY L be

' O§ e¥9991 aénsam)aaayhﬂﬁégeﬁys @r@%iaﬁﬁﬁ Y9N
2oo /02

20

25

30

35

006/ 065Q6 Texaco |nc
viPScos ?ypB qﬁ?ﬁGﬁs whyc néfbﬂﬁ%ll%9%$ of
syhéheams)m,l SLsarhas@dp@ndehe pres¢rcavifeculsat ineightly
gaégé BB A0 €81, TNiss sal éﬁaﬂ@é AdBrzonseaLante +hag
t he enperature dependence of the viscosity decreases
oF2FRER ¥F°%e VI increases with rising nol ecul ar
wei ght (J. Bartz, Additive air Schm erstoffe,

I thves far r.canisl r ,
9 e, b gt roEiay e o

WEPROYRE TG aP BPEE 1 Tha g sa iy ef éF‘%
t exdinsbat asghelerninech) stey aold apsetutahgl (@atd) gevelate
gg{ss”@e&%%@ i kea{zg' G201 'cBFBBJEQH&H) Wi tdhd heyrg

ecul ar wei dght ear however,

| dé@hé@%@s’—%swat‘f’leswqh PAéﬁm Aitget LLEP RGO | hPgh the

shedtentAs A cBQNSesHenea tofsiidirs oppediing efddot , (PSST)
she r- st abl Ils as.requi r u S Si.08

‘g i or?ét P ahSHTSs o%l?g'f}?é),r Ol ?)Iéa t%rgéﬂrmf%(?
025@ based on conventional polyner types such as the
PA(NDAS, are realizable only

' Additiomal functionality with regard to the dispersing
~ action of sobt and soll particles is achieved by the

copolymerization of nitrogen- and/oxr oxygen-containing
monomers, such as 'dimethylaminoethyll (meth)acrylate
(US 2,737,496, E.I. du Pont de Nemours and Company) or
dimethylaminopropyl. {(meth}acrylamide(US 4,021,357 -
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viscosity contribution at |ow tenperatures, normally
thickening in the VI range from40 to 100C, high

vi scosity 25 contribution above 100C and

si mul t aneously guar anteed good oil solubility in the
entire tenperature range are thus of particul ar

I X Rsisr00BsByr ther class of commerci abrMEbsoosyddmlso
of 30 hydrogenated styrene-di ene copol ynmers. A

parti cul ar enbodi nment of 1Hese copolynmers is a star
gﬁ%¥ner conﬁosed of hydrogenated pol yi soprene arns and
a ' enzene-crosslinked pol ystyrene core (US.
4,116,917 Shell Q1| Conpany). It has been found 35

tﬂ?ét ﬁ&rﬂsaggesdoegﬁﬁgﬁﬁ@: {Hﬂ&ﬁt@ﬁg@dyﬁ%ﬁws dffe ok
on e relations o e ua epende ar.a er,
s En P S aar Pt cain h i BE LR e YA e
Teechinglt adledRagrer Beird @18698%81:116_.40%8@%9 that the
%&%@%}gpg@ 0660655060, 3r1sco§b@§edébeeasé‘¢ der
var i et$/ of . di fferent a%oacggs torg%erg re weidht
5 el oﬁnﬁ’ﬁ?"f\; T het msr capt an
utJ.I iBeertt zf, oradiiltevel arimepgiimi eurtatde, ofiAsidatlveS for
Qg?' f ﬁf&f@%@:@ggmw@ﬁw@w @iﬁlﬁi@ﬂeﬁ@ used,,

for exa formo aer

et \?étzl ve Iﬂhlcﬂ’?nﬁ%l?ﬁu‘r“{:ﬂl BF‘ef ﬁﬁ@?%%%%\“ﬁ% TS

tﬂ‘&feﬁoemn:pl ess0f a V¥ 008495 | ResenAenyl ¢rantUK dft d)the

esi ol y{isghyty! iRt hagidndlba) Sakd e

JUSt %)Ib%'éﬁhl s&ﬁﬁggssyﬁ(s get ailed. In the case of Slj-Ch
Ieymers the arns, however, are bonded via

th oether bridges which are known to be exceptionally

o d%&a{r%ﬂlgﬂﬂg?kﬁ ang t %1%‘&1%0&{3@9&11@ NoLHES e ghdar
applicati ons or exa e, as an oil addi ﬁl ve. h%flé-al
|

HAREAL Y al Reveses 159 ‘éﬂ?‘i}% S pGfynar iFAGn At 15
e talre0 Woks nbiglal Ebeat he Asr epacatibemusgicast af this

ocC t r h o fohe -
Pgigygﬁglo ég Nghégwgééﬁfé v;!g!;i anp ??&uﬁised £

star 0
W%IQW@S%WH%% Qh%Fonéugo‘&’f&‘Fo fragpnission oils,
ReladRLiizatdian peocesses fehlar ebtihed possididtantighal
AhusLng. Lae dashi 20 GRLOSH(AIAMC! G Rclashy Wil

cul ar utlon and_all o by
o»haiﬁ?gl hggh h@dﬁﬁﬁorﬁﬂo%&ﬁr ceVELF i ifgthhe 259V Viscosity

RAIAHFRBLZAbLORL ther prapssaitnesof doel lyopdiydkendng
o TN G008 LR ' A LBV LIRS 18 O dbia el

|on) process for controlled

' pmry:rmbuZam‘loﬁbOV‘Foioﬂﬁ%t aﬁ@e simpjhEaRseifiive SH25F 68

f{cyow 0k44 sbEubi1 Oy Ronteide dNeiRe Seaperfomppampnge are

: i he the thesi s _of . star polyners based on
&gﬁ ﬁgtﬁ Fth%’%/ AITEEEF and pol y( 2- et hyl hexyl

nmet hacryl at e). In th| s context, both synthetic routes

fpl‘ Wai.Ghdhe ane ag S)H&rﬁ’rﬁ‘—ﬁ‘c&ﬁ@ fiyrss pieceeHbng of
ro

m 35 nonofunctional_,silyl ket

acet a|
ETOOPARE Wi £ Y TR P Enalc® F?Bﬁ%lr“r%rs in Slgaa[}q:(l é:i&%gr
faneidfimant syt hetese r awped ywerh t he revatss sapdeRes

REB67 025837 L EPS00R bosiat st et onpocad o

SiFigydbpRrERE IS Shirkedn undefPﬂ@é‘SWLﬁ?&?r of arfs="

- f@gm., 116,917 Shell 0il Company). It has been found

that star-shaped polymers have an advantageous effect
on the relations of the mutually dependent parameters
of thickening action, VI ‘and shear stability (SAE
Technical Paper Series, 982638, 14—30)_.
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Ani oni c polynerization is also a process for
controlled 5 polynerization and can be utilized to
prepare stars. In this case - sinilarly to that for
GIP - the arns are first polynerized at the start
proceedi ng from nonofunctional lithiumorganyls (arm
f wbSbdoPfskddyen the arns are crosslinkestapbbos/065060
di functional nononmers to 10_give a core. For instance,
WO 96/ 23012 (Texaco Devel Gpﬁeﬁt Cor poration) teaches
the synthesis of C C18-PA(MA stars, whereas EP 0 936
225 (Ethyl Corporation) uses a continuous process to
pTheae e agract | yidhevertet ]l PN Iersmdr SAPRRIEENEF0, O

aﬁréﬁaf’é‘ detipedobed Bisad n’énf @RK@)A% n bPethinstance,

a icati ons, the st ar d us es
B R PR i e

t hecenvent i dred f@@@sradheahemmwaeﬁoéoﬁw oP¢ egped,

fEge-T %sihﬁahepol YREr iggal | OfbﬁskJChoﬁS ATRR ch@kemythritol

BSOS g PREI PO ARl &1 T3/L L CRARTEL Py oFbi T

adslampes f Dagﬂﬁ@nﬂatfﬁﬁwﬁhaﬂnew aﬁ&millpel errlrtzﬂétrl ome

baserappi d C@f | .9k T&hetBabrytacedS Honts d8y just
Nenpurs and an %nl %ﬁlom de rredgatse_lg:h star
pBFWreﬂr?H{eFBn)ls b Bi MeusTass19

Cooheneness| t thScaend j fh@weme!r 1 natos t pordledRegear thioether

% Pﬂé@t&ﬂ:{%h have 1Bepm KWL éi&e%?&%%hh@m& BMEANE B~
ese netho ive

Sips bl Gd AREEOERID! SRR e Tb [ At SRR IR EA bionsy

I ﬁctnermrqrﬂaae adolok eh12868i t Bpeh Thet m@yeefn@ml rresd.

f EQ&#E@F ‘]‘;Q:Ilyﬁggrtﬂggﬁ’i&gy Ail1QWeaVi Re£Or & 1fdd SHoes not

SLBRY nodenu RBBPSER e Oha| REGE. THIS onTHGL TRk

Eeruetwardsani ¢ techni ques - it is possible here to
prepare polyfunctional initiators by sinpl e synthetic
routes, which - unlike GIP and anionic c
MPTHr ORRPESRIER oo ddouP TP e P Ret 7L "o star
CPpEPRRetk of art@.&&henked"doﬂtm@lleﬂ]al edomerszagions” .
Iﬁ I”]%E:? ﬁg@griga@% 'Cl‘ﬂﬁfce%lslegws f@gf:@fe the

Ia IO

y avai [ able pol yfunctional alk
: hm$%i@%111éftyar°fpoii§/m%l%s"e%e oﬁe%’r‘ﬁ%ﬁ i g ‘Hg]r?etr ‘3% b

apﬂ@éiétﬂ@z ﬁ]\ki.lfihehaafr:oﬁrﬁﬁlemlm wednde Hhetrsbtoid ansl

be bt ai P ;
VB’TO t:El%f;jg ItéIILB rﬁé{ﬂgr&e_‘ts %’Ource during the

ene, tetrakis
(mmmlpnen‘zeﬁepr%@&@ebPén%%%%ﬁ%%%ﬁé;

phenol derl vatives, cyclotetrasil oxane derivatives,

cl ophos ene der| vati v, r t | VES,
3 CORPET (AR, A vBle | SPLBIEIG A ([ R5up
des@wfmu o lymerdBr el Omi £ | ot 0RFOPRSEK. f%t yj:a%"z%t&d
To By St 18andbopky of Rashiale, Pol yher i zakbnpledV | eyf
InterSC|e e, Hoboken 20 8 Bast

DL SRS, | [BPEICN 2000 4 RERl TR ! Bty
gdiem:ms:éoeand:mucsysenedn:awe aff sEt@En eR)YHEER dlee%?d be

I(\%é miTt P Dawd S, Séolgmnetﬁyu’raﬁﬂ,
crono ecuI es 34 (20 1) 433 I n.addit,.o0 EP. 1,244
TS RAGINMRE SAd diTE Vids Son d R bR ou

picasiseas ey spmepare ngymﬂnemesﬂ Stirisbupironed@ing ALrom.
mon&m%% gﬁghonaghgﬁeenkee@eéyrre&eg&chém t b t r QgRA;

uncti onal ™ nononers, In gresence of

v e 16 ts @15EnaCT OB} c BRPOBEF S addl { FO6Y 3R

‘Oﬂiﬁé)@%a:{c’f@ﬁw@héﬂdj tdotasesGnth ctlad nBevérs@ sequence

l l d ses a
c %éﬁ[egt Fgg n%%%l\/p 95880%#1}5 gsn‘pl 3 ﬁ???oggn- or

oxygen- functional nononers for use as a lubricant oil
35 additive. Mre specifically, WO 04/087850 (RohMax
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Addi ti ves GrbH) describes |ubricant oil formnulations
of outstanding frictional properties, which include,
for exanple, PA(M A block copolymers which have been
prepared by ATRP and have nitrogen- or ‘
oxygen-functional conononers as friction nodifiers. In
pﬁ?téwﬁzss@@ 03/ 095512 (Ci ba Speci alciy=€hous ad5Es0
dings) teaches copolyners via ATRP consisting,
|nter alia, of PA(MA and” n?trogen- or
en-functional nononer an t
%/ xF‘&‘B‘PﬁS,e‘ie?%l 24 EReFP VY or‘gj é@ |v\‘/§!‘allfE n%&(t?rel%%flned
pmmﬂsew ebhrroer Fosmen i nhi b| tor functl onality for use
as a lubricant oil 10 additive. Finally, it should be
not ed t hat n an_entirely |fferent fie 0
PSRy S @O&é'&eFrl\:f@ngo%ﬁe‘? ° % caetslsokgrbég%t Qi
Ve Bymanickadgiion whidc hmohprm%%lilzﬁdAmeﬁaﬁrﬁoﬁﬁﬁﬁs In

@gfé* 00 £AL “@ﬁmlﬁﬂypr@a eehed iarERTE 048n34%re lare
0 347 ?L O eal he pol yners detail ed ab ar ef;_lcﬂn
eyt askel m%l%%ﬁme? |alt1%)? R i ]foceerrﬁ'

thesef paltioand hbithi2d aosganwsisact ary ﬁ#@ﬁéitﬁnd then

ptf"rlgér Ocjingmsf I:%i‘@"@f?séﬂq{]&fd ?ﬂﬁ%bﬁ@ﬂfﬁﬂ@ﬁloﬁéi Orhérllqdrﬁérs to
v relations o i ckeni n e
STHAT | i By &FV i FO%r dEPSER SR e@%a%\%%]#j‘mzs ni MM Use

,uﬁexaéirb;tmena iCodnthretdian) didasheswithie sumitdgsée of Cl-

grE sheagtgle,grada;\,hgpe@g thep25 $0 Wmrs - (fthyl
&S] red it scosity over a wde termperature r

TGI8 1 HESBol §reh Qb SHOUTH e SFEpar bt e PHEReTe
Sémtﬂ}&ndthé@(pe@mm—rmmﬁh \wticlrs,. | departita@-ar an

o SOTHRIL V34 | negh spsbRUbgpbecasashs,

'anc? sane %@ltgﬁgﬁlggﬁg slbletgpgé .

pFRRIUBR (MBI oRtERE |fﬁ&gst%eala%c§‘i9 T {90 'gb%lgcaﬁlew
pbEnt Soramulplabhs . of conplicated construction for this

purpose. 35 These objects and further objects which

are not stated explicitly but which di at el
deFsabie griddler Lo yile ofnd nPt ottt ?%??G%mﬁé% e
bys pebytes1S deaviuge-alakdical polymerization such as ATRP
{atom transfer radical polymerization}, base
application WO 96730421 Carnegie-Mellon University),
RAFT (reversible addition fragmentation chain transfer
pol;nnerizatioﬁ), base application WO 98/01478, E.I. du
Pont de Nemours and Company) or NMP (nitroxide mediated
polymerization), base application Us 4581429,
Commonwealth Scientific and Industrial Research
Organization) have been known. An excellent overview of
these methods is given by:
K. Matyjaszewski, T.P. Davis, Handbook of Radical
Polymerization, Wiley Interscience, Hoboken 2002. Such
methods of controlled free-radical methodology allow,
via core first synthetic routes, the production of star
polymers with a defined number of arms, since - in
contrast to GTP or anionic techniques - it is possible
here to prepare polyfunctional initiators by ‘gimple
synthetic routes, which - unlike GTP and anionic
techniques - do not have to .be polymerized in an
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features of claim 1. Appropriate nodifications of the

i nventive polyners are protected in the subclains
referring back to claiml1l. Wth regard to the process
5 for preparing polyners, claim20 provides a solutiaon
to the problemof interest, while claim23 protects an
owd Broomudzsg3en conprising the pol ynerecmfEri0e6poesesn
i nvention. 10 By virtue of % star polymer having from
3 to 21 arns and at |east three of the arns conprising

aénﬂf@:?é 400 yt?s)‘c \ﬁ@ gr&the b?%e:%ugn g V"%&Q%eé’{ct heores

are derived fromone or nore |
eFﬁWP%ﬁ%%alP? uﬁ§8§ﬁ¥h¥%§ﬁesﬁéﬁu%%ﬁﬁﬁﬁﬁhs BenqpRys 1S

f efifed & ddny .15 in which Ris hydrogen or nethyl, R
is a linear or branched al kyl radical having from?7 to

- 30 carbon 20 atons, R2 and R3 are each |ndependentl

HER® gEm PRT Bl Gl T Me fditREl 4TLEERRLOR %F%ﬁdﬁy

I évayple[&&e rp@lyﬂmaiﬂ@yllalg raC.lUﬁr]J‘l atva DR, 0ns Fas op3Dymers
rbon at ons BRgSL bl tﬁrkfhéﬁyhe ”Eﬁﬂbé£e$¥ arms
?%% eable ﬁePOF provi de ONprisin

501 16090 tnase iEgive 3b5§ealoh°2156t%%e&ht FoF Fﬁ%h ATRP

Dé{«lrﬂ{m?émsOf r ep@ﬁis ¥ drsonditihgh ) Aeei BeTénesd fr oneofekior

re eth [ unsat ura
f SPnRfer trhj‘*’ ’%ﬁ“i%ﬁ% OZSSS?&%%%P‘%% g\%g;%%gg%gﬂzé&e
aplormel RAenivarRivese esrttiqfiFendentrye hy drE4 Rt e
W%ﬁos@ﬁ@z&ﬁﬁwbérlmf <—:-7$ {1 Vﬁ;maﬂgnles hydiogeivar
avi ng. f.r.om 0
aycﬁ’l g'ﬁg?%}:fkrém %%g TSN e\%l tgh &F %1%%9@ hesh
s@@ﬁnnmbmdty At thessame t|n€UlFﬁ%1¢nvent|velﬁbe%&9¥§

%gemy%%zawﬁﬁil es. ®f ﬂaslf:l.]tcsherh gduabbaiges ofTheredical
| nc >t N
| Be) e L 2Lhe ALY Ol g BT eagRl, LRVAY O B

| &% X enperature properties, for exanple the pour point
and the Brookfield viscosities at -26C or -40C. 15 >

PoI ners, in a, particul pe of _the. pr nt
t iSEAY Syt afﬁ“§§b31 ﬁt é%f?%ﬁF?i?’fr%%? grample
|h¢5@Weos glhbreevend puestreseed haoky mdse éﬂﬁQﬂqY been

F s':% %'anMf%d' §E§£§éi‘—§h@§éﬂk%mh T.P. ?a¥lsa V. Chen, -
urt her nor e, t héi nve a st andi ng
f%if%?ﬁhlP@Fﬁom?%egﬁiﬁﬁg£ é@ﬁg? %%%i of the present

. polynmers can be adjusted over a very w de range as

ﬂﬁu'é&éjltlo%f | n8Y aneay hmsonQRaﬁﬁ&&ét ab8ee iy ntdng)
pol ynmers may have a surpri singl h V|sc03|ty |nde_
VRS EAPSr ef%?*?‘%d FHAFTESES | n* rfuri?rﬁ%’lﬁ Bect®artow

distribution PA{M)A, which  has opt:Lonal ly been
copolymerized with nitrogen- or oxygen-functional
monomers, in the presence of mineral oil for use as a

lubricant oil additive.

WO 01/40339 (RohMax Additives GmbH) claims, in a
controlled manner, block copolymers via ATRP consisting
of PA(M)As and, for example, nitrogen- or oxygen-
functional monomers for wuse as a lubricant -oil
additive. More specifically, WO 04/087850 (RohMax
Additives GmbH) describes lubricant oil formulations of
outstaﬁding frictional properties, which -include, for
example, PA(M)A block copolymers which have been
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30exhibit a particularly |ow viscosity index.
Preferred polynmers of the present invention have

out st andi ng oxi dation stability. 35 >The pol yners of
the present invention can be prepared particularly
easily and sinply. At the sanme tinme, it is possible to
UHe Su61 piEas7 ndustrial scale plants.pcM@p2006/065060
2007/ 025837PCT/ Ep2006/ 065060 - 9 - The inventive

pol yners are star pol yners. 5The term "star pol ymer s”
used her en s the rs_havi
CBRPRPECT ) o whtRET hBBE afavhor 2oLPORaT el SAoln-
whieat bowak efomoneners h%r@ﬁ*ﬁ##Qﬂ'mﬁélﬁiﬁﬁs The center
nay be an individual atomor an atom group. The

%?g%%'Fﬁu#?ﬁht%%y§§1é9gﬁﬁfnéﬁgg%re era%% é?rgﬁf gt

_1Bohdms THegslegnmerrehznass oviarddRp W@é@tﬂﬁg m anter

?gﬂig r wh c @AQEtYAb eaﬁ‘f 1P RUP. 0%_ h Q}}Q*g@ﬂt ? Ogh@uﬂ:g onal
ormn e center prefera s at_.nos car

aloheEme ﬁP@f Fy a% ﬁ%gthgo HHHER™ QFS%g an Stal
migac ﬂ:qu:irce:f,e r abt w@ir MDSKEZEME ayS@FSHEONERT  FRErosion

NUAREE: 19fr t REnat MBnaNtky heohUnbes @fs car bamb-alems 0dil
th center arise preferably fromthe initiator used,

t A er of arns dependi ng on the nunber of centers
20 that the initiator has, and the nunber of carbon

aﬁﬁ@élgﬁperi@ NgneR14 h%é yral%tt@a? §h5@ct Ltge ek :Eﬁtlrely
initiator i tiator epds_on
éﬁﬁﬁ%%ﬁﬂl :H{ocggs P?gyﬂfrt%asﬁgg Qﬁ?%?eragssme
|eﬁsrt1u15uam:ahsrrdsats¢ﬂ eber afFihemt ahéastily ofhidle apRBrige
thgrd nge&t' Pglﬁaé{-s PekygEr oelormm atadeastodded®y in
wel ght erably Q%ngﬁs O%%ﬁx melght and nost
pFRfbr f4§ttPeés? yhn based on the wei ght

of the arns, of units which 30 are derived fromone or

gb&%tneeg C%léaéﬁeaatéﬁaté%daeet e Cﬁ&ﬂyur&%e%f th&a
fornu n whi

h r
RFWW?E?H%%&EarAGFOEﬁ&HQH%d @Pﬁ?loﬁaﬁﬁ h%%?%
t® 3attafboromnt opsopériangr&Bibee anhvendepeﬁdentlISy 2

P%Qﬁ%%to efEoPLOHB a{qﬁfe{;\:eg f&ﬁ@%@_atg%' oEntH@bE&'zfﬂg

drogen or 5 an ro%F having from7 to
c%thtbtﬂt’lrat Bhgar ?ﬁ@b%%-'l‘*f'hf FedfT umft CTFET wi kel §°¢ ]Rh%‘ﬁ\?f
Itﬁltﬂhemi:eﬁﬁlﬁtl oade f b2l dddThever ésedubsfiaanpobyiers whirh

d ' f onal
By PR ¥ CCoRld TR R 080T & | T
l,amrsm aﬁemm&m%e%ﬁ%@t% eOWHi%| FEFPPT RS

'rfﬁhgéﬂ ATRP, RAFT and NMP processes, anionic and

cationic polynerization and GIP, wi thout any i ntention
that this should inpose a restriction. In these :
Focdesgoredouiie DohUEeEs e SHoudBerkal PEERPIFIRtDOviPerf

bonds.e AeLQr dhbab¥nsihe mapeak, URitilari ses baotitliar,
nononer s gied. \ ced.

commercially available components should be wused. At
the same time, it should be possible to effect
production on the industrial scale without needing new

plants or plants of complicated construction for this

purpose.

These objects and further objects which are not stated
explicitly but which are immediately derivable or

discernible from the comnections discussed herein by
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The present invention describes polyners which

pref erably have a high oil solubility. The term"oil -

20 sol uble" neans that it is possible to prepare a

m xture of a base oil and an inventive polynmer wthout
m croscopi ¢ phase formation, which conprises at |east

Owd % dvy Miisghlly, preferably at |east Orofit/ip20e6gthés06rf
the inventive polynmers. The polymer nmay be present 25
di spersed and/or dissolved Tnthis mixture. The oil

Y P TR R EpBpHabt & RoAOEr AV ARa: oRet e 120,

- ofeatui¥ss of opbaiy 1s k:nmp#@tt%dg@ls%qaitéenﬁn Afhethe

air}v@rﬂﬁv%n pﬁeyﬁéfgstsﬂe e%&ffé?/ed‘wdht lh@ pahki culiaeldiase
ol VI 3 t ropojtion o I.popnhl
FERRES HRER Bt 14 o T hoRGTR ot rorete
efdmy | mreveading pnémnarat e@ﬂ@gm?cm m}@vwﬁ% ed hé%lb’b’r%é?cs
35 fkigmgﬁlf&lt %@U?.ﬁﬁte%j@éghtwlﬁllel/m&QDZQ{q ?Ebt@@?/@ an il
sol_ubi li of a east % wel e
o S PERT SR BeLYRrs oin, BhE ShAn

Iy at Teas )
1ﬂh¢gnummnght at 0C |n a paraffin-base mneral oil. WO
2007/025837PCT/EP2006/065060 - 11 - The term

| i pohobi c noner" dengtes e Ien| IIy unsatur a
d@ﬁpﬁhﬁﬁ%emggs% R&ABpELYHEFE hﬁ%ﬁﬂ% /61 &c i a##Mééﬁﬁ
odnd O OI)éhsgj iz elea e mmldnr@olcgmprnﬁyngbfa%tlw

R}"@Q glggsecpr@ﬁemel We@bhb WBStHd Q%Y d’ﬂellgﬁtts

pref erab af nost 0.01%Db VEIm1 C.i
Jaql?l r?rﬁasgeﬁi"ﬁ‘é al £5 T s N T n £i vek%ﬁegl?asﬂ}ﬁ

(mnqﬁﬂuratﬁﬂ 608t byompaigiis, 05r§heré%¥wuxa(ﬁﬁ)55 to 95%

by wei ght, based on the 10 wei ght of the polyner, of
repeat units wﬁlch are derived fromone or -nore

ethylen|c€§ly nsaturated ester conpounds of the
formula ( RECF in which Ris hyd@)ogen or
methyl, R2 i i near or branched al kyl radica

havi ng fromi2 t 0030 carbon atons, R2 and R2 are each

i ndependent |y hydrogen or a 20 group of the formula
-COOR in which R is hydrogen or an al kyl group

hiavi wigidle of st duBlragsmborr anekeyl ThE et fiyPerdii@gRfy o

UnsaldHRt edi st er-aeaReundsyiig t e ohormulta (B) |aoinde
atoms, R®* and R® are each independently hydrogen or a
group of the formula -COOR' in which R’ is hydrogen or
an alkyl group having from 7 to 30 carbon atoms, it is
possible in a not immediately foreseeable manner to
provide polyﬁers comprising %0-100% by weight, based on
the weight of the polymer, of repeat units which are
derived from one or more ethylenically unsaturated

ester compounds of the formula (I)

"
.
R A ORT (1)

R2

in 'which R is hydrogen or methyl, R* is a linear or

branched alkyl radical having from 7 to 30 carbon



10

15

20

25

30

35

25 (nmeth)acrylates, fumarates and nal eates which
derive from saturated al cohol s, such as 2-et hyl hexyl
(et h) acryl ate, heptyl (net h)acryl ate, o
2-tert-butyl heptyl (neth)acrylate, octyl (neth)acrylate,
3-isopropyl heptyl (neth)acrylate, nonyl 30

(et ecradsate, decyl (nmeth)acryl ate, nummmp;bos/ossoso
(et h)acryl ate, 5-nethylundecyl (neth)acrylate,
dodecyl (rmeth)acrylate, 2- n%thyldodecyl

(nmeth

|
?% ﬁ/m%ti‘]‘facr yiat ee%Chrre%%?/??erx?dfn ly hydrogen or a

| (qmecm) a@& yithe efonmarleadt€OPR ' ( ABt Pﬁlaehy%at &5 PeRfoRREt T

38n (Q?]E}h]) agkdiptieyihex Fdeay |'7 (e tzn) aaﬁrbbﬂt etoms, which

exadecyl h) ;
hé?)Y%de%yth(%t ﬁ'ﬁkélccp(ﬁn at’ g F:sng}ﬁr o%%f’%{]ep adle%mfll sheax
(mﬁm)ﬂyate 4-tert- butyl oct adecyl (neth)acryl ate,
et hyl oct adecyl (mst h) acryl at e, 3 [ sopr opyl oct adecyl

( acryl ate, met h t

(%t actimat e eefl c “("yr?&tl%) cip XLQ <??yl el Cosy
(st sty farshest e@vam‘@rgﬁ@sy ITh(-Z‘ﬁét hij“abi*@ﬁ? ‘at e, docosyl
(nmeth)acryl ate and/ or ei cosyl tet rat ri acontyl

(gztg)acry%g o gggalﬁéa rese acr¥vg gldnS%QQ Aave

vi nyl cryn:lsctlae)ﬁyhgrretdm)@mryl ater2, impmvigly a- the  low-
bUtylQ%ﬁkgﬁgﬁﬁke(ﬂﬁéﬁﬁﬁﬁiégfﬂﬂbr @&%hﬁﬂéCEMéaﬁﬁﬁrvﬁbiﬂt

derive from unsat UL al cohal s | &
(et h)2& 4t ErOOk c?oéﬁ?ﬁ lfﬁ%f”h?écrﬁy% a}t es such as
3-vi nyl cycl ohexyl 15

(yet h)Raryate, boy nyl f_:H?HJQ:@:Géﬁ’ | atsﬁe@ﬁdbfﬁe the present
cor respondi fumar ates and e

Theexﬁﬁ%’%tég?m( nBEK) SN atee® cstsleosn as friction
net hacdmpiratessand acryl ates and - aI so m xtures of the
20 two. These nononers are wi dely known. The al kyl

radi cal therein be linear, cycli r. bran hed, 4.1
e&t er MGRoEEhds %‘%/ft‘?rlrﬁ Cﬂlé’“f? al c%%b’?mr adr cg sgrcl:%lnlpge
be obtdispedsifigr acximmpl e by reacting short-chain 25

(nmeth)acryl ates, fumarates, mal eates and/or the

corresponding acids with long-chgin fatty al cohol

whi ch Eye8eamPyef or P8 i xk it est é?%lynfegrs exarrp‘f

( et h)agsyhatesgwe i calififidrient. | ong- chai n al cohol

radicals. 30 These fatty al cohol s i ncI ude Oxo

AI cohol (r) 7911 and Oxo Al cohol (r ? b
AP cohder wiseoeity Feiss o ide A feélePF) bglymets 9% )Pe

125 araajN@ﬁ;@E( byreky pesrdrSasalded wiriges 8 S:mc[nammt For

Gmb h 19,79 I 63
81OH) étrﬁtfgn?:%?por at?%%%)sfl Ega (t?) ﬂ18v Li nevo (r Gz539151

and N@@d’ol heye25E (ssperhsAeyly Ddiidne Viggarihgl (59
Lor al herb¥Bepri€eants) po&\gﬁéﬁﬁl (6p 3b ﬂmtr@mdi@e)cdao

(Exxon_chem cal s GrbLy. Kal agl(1) 5246 Kame0

» pPreferred polymers of the present invention have

outstanding oxidation stability.

» The polymers of the present invention can be
prepared particularly easily and simply. At the
same time, it is possible to use customary

.industrial scale plants.
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- 13 - Chemcals). In a particular aspect of the
present invention, preference is given to using
m xtures of long-chain 5 al kyl (meth)acrylates of the

-formula (1). The proportion of the (nmeth)acryl ates

having from6 to 15 carbon atons in the al cohol

rasli )7 ospsef erably in the range freer28rzo0 85963560
wei ght, based on the wei ght of the nononer conposition
for preparing the star 10 pgol ymer. The proportion of

the (nmeth)acrylates having from 16 to 30 carbon atons

in the alcohol radical is preferably in the rﬁ.gge from

Olte t drBe%sbye walgnTeB s e*F On SERE T ST t

nogggyer p6OPROS t | aBefOrmdredparing ]-:tnb@nstmr peky netlwse
add| tion the I 11\ e u gs more

J@(ﬁ“éff'e BariiRe g frc%%t%gfet her mh%jﬁcel—'[s%%e Q&g

icteinde enpeas al Wpiche@rracksiaied Fandiekedne ﬁarzﬁs

NBeat e NaddiGra nidy &e arkyindiadiduall. afom exampl etom

the‘%cr)l ymer may conprise from0.1 to 40% by wei ght,
ably fromO0.5 to 30% by wei ght and nore

‘ preferably froml to 20% by wei ght of repeat units 25

vhig£h ﬂ{xﬁen@ei%ve@tﬁicorrp@mw@fs norgvet hideeni Gal 1o 21,

.uns %{.Led e%%ng&en npj.%undsd oge-[ 2pr é?éllbﬁx( IfE)am 30 dn ,

ear ar
rzanehsd . altbgl :gacakisrmaafl nlaa/irmg PFOMZRSt oPBCERhoRTom 2

aééa{%r Renodd RB.yarse ea@h ae&ep@%aptl yrﬁa/daogmn @roup
of the fornula_- %%Ecgt S§r3] (oYoT=Tc ¥l
II@@QZO"E}'*/‘? 0SB PHT & 12 Kyl  gr oup
hetvinig oo predesalely bun n@ftstimio cRgkphedtops and most
eg]!afé&%qgrl LY Mosatiy aledoaskesmsonpounds of the
formul a ( i nclude (neth)acryl ates, fumarates and
mal eat es V\,hl ch derive from saturated al cohols, such as
Metehyhunoeet hyRactlyd aaens earky | theremmbest yitat GIREF GRS
(ﬁtt}}'geagéﬂt@&:earh§8%9@5’ér AWt Eer yhat enioidtdylused,

(BT 52 oh bl L g, e,

(ttrﬁih)taﬁar wmrcdatsmc haas eydl @benn\)ﬂrb%lfre?ﬁ)%lf I7&‘:1t3é3c’1"‘~"“’
( oyl 65, deld Ver F NSt Ugred ethitiator.
(e B I o

such, as op et h) | at [J .
(The hFEery(oft el Bher a4y | g%%%?‘igﬁ a8Pya‘§}é/ g"‘&%%‘h%é'i’h"él
effvdeszi.cal | y unsaturated ester compounds, particul ar
preference is given to the (mst h) acryl at es over the
mal eat es and funarates, i § atgd R6 é)xtabl
fagr ndpase (3) BFRESHADLY r?tpa{'refer%| r?’éﬂp‘f‘%? rPegr
edhotigent 8 afe thydragen.ofl nclgenaredntitise star polymer
et hac% aates%gé’s@rsogr% ewengh%ve pridiRraslY! alceSieast

e | nven ner may CO Il se ﬁ@ t%
:&% biDvaer}Iﬁht prefemasty Eﬂ%e % byt Fe Y
RiSfalabhysua ba 2R80byigwed ¢iH thef armpeabt uum:tss Whiitisth

are derived from one or more ethylenically pnsaturated ‘

‘ester compounds of the formula (1)

R

o O

RZ2 O
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25 are derived from di spersing oxygen- and/or

ni trogenfunctionalized nononers (I11). In a particul ar
aspect, the dispersing oxygen- and/or
nitrogen-functionalized nonomer may be a di spersing 30
(meth)acrylate or (neth)acryl am de whi ch has been

Prepas e dasw®zan al cohol R7-0H or am necii&rkd86ioebese

R7 is independently a group which conprises from2 to
200 carbon atons, especi al ijp from2 to 20 carbon

t | | 0 t and,.-
nid "B BB Bk adety 00t Betfud RO UAT A FR
i hdepckribntdlkyhy dradeeebr havgnsuptravi ng foonP? %rw

ﬁé?@xﬁé‘ ?Rbr@nd W@ng?égaﬁﬁ@tﬁﬁgﬂéﬁ&?ﬁ@/ en ]cfrl -a
het er oat om cont ai ni at,i c an
gPbupR, © n%ih%l 11?2 ?do%ycl dal't oxs};l Ral ganog{ﬂ%&y o

abR ox{iedlr ey QﬁU@lps fromcl dradi2fg cesPeneataffent i on,
aromati c groups denote radicals of nono- or polycyclic

DBRE, Lo R o crg Lo tS BV SR By e, Palnidd

afberdi ¢ Groupsedentyestanm Delzerrs &pht kal epatained
b P@@é‘é’cﬁlngd' EP&HY'poQW%hctiQngl phepd net Asneinitiators

F%\ﬁ %@ﬁalrygfteh ggg:ggggh?gjaicghenogwg ¥at10n", which

DWGMﬁ 118 4ooxadiied| free SrafiislpdnTRP, RAFT and NMP
pﬁmée&@d' axQbfid 3nd- E&tf@r@i@ ﬁol@m@rﬂﬁaﬁybn and GTP,

1, 3,4-tri azol e, tr 1- -1 le, 15
1W32t11°‘t5(1ad3rzrﬁ’zollé1%nglﬁnlc it E?%I e%iflﬁ 3% %‘?’i?cfa%olimpose a

1y 8s G iottietr.azohe, theago| bidcesses i ndobble bonds are
&I L] ST Bbern | éﬂ}ﬂ@ite bRRRZ0xaZek8inken7 i fhelazaeat
benzi soxazol % n,é gl%r azol e, be zot riazol e,

dPbeh A5 HFEEN. r8‘§r %HOW diRE; bi pyri di ne,

pyrazi ne, 20 pyrazole, pyrimdine, pyridazine,

1m3e 5- thde@ghie, dnderftidd aZB8crings 4, %’&l&h@%bne,whlch

tetrazine, U|noI|ne |so ui nojl i.ne U|qﬁ¥allne

qlai-'?lfa%?ﬂhlﬁ( aenriol 7 solubilit tern "oil-
15(8]:1!%12_{&1"( Iirw‘ahdi neat, 5t naqz)mdws'nkmene:olp@*epaph a mixture
thy i i Nasel, GBI ] NGin RBIAILAZLAeynY | Hoendibe

pyrimdine, purine, pter| i ne (g%ﬂ]:ﬂ nol 1 zi ng, at least

APLGHASTOPILE] RAas@ pHERAtiofne ™
b@mzsapw redigghthe predeadbagobe, lbeazoPysh dbmev,veight of

beNzoRyL; %55:5\?& %%W azigine HepzePYhdy denNepresent

bénzotTi azin
| reRpezsede, W4%p9iﬁ§?h§e¢ nitBaZdbyt | iaFwes - 38he oil
pycmmlrlqwr a&pdnag espedipdlye oradie girnpor phemaziheshe

nzo ulnolln h di.zisn he b 1.
bg 5%* 18 ‘g%nl%&?jh qﬁnﬁg%gﬁdaézsggn}:h?en%se c)le'he

pﬂeﬂtsemmemtk'ylngﬂ{@Gmg tackhaeet feihkehyin EihAact fpd
p&é&py&e a&ﬁmt@ayleaslwutfmk tRebybytictaetydgradylvia

ﬁl‘%t%))fg lﬁ% ?gil"‘ g% I lﬁe g?; Ey }Ft%}%ﬁ]loblc MONOMers .

The term "lipophilic monomer" denotes ethylenically
unsaturated compounds whose homopolymers having a
molecular we:i.ght of 100 000 g/mol have an oil
solubility of at least 0. 1% by welght preferably at
least 0.5% by weight and most preferably at least 1% by
weight at 0°C in a paraffin-base mineral oil.
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1,1, 3,3-tetranmet hyl butyl, nonyl, 1-decyl, 2-decyl, WO
2007/ 025837PCT/ EP2006/ 065060 - 16 - undecyl, dodecyl,
pent adecyl and the eicosyl group.

Thepr ef erredcycl oal kyl gr oupsi ncl udet he

cycl opropyl, cycl obutyl, cycl opentyl, cycl ohexyl, 5

Gy | Phwpiapssand .t he cycl ooctyl group. pEr¢EPREd®IOESD60
al koxy groups include al koxy groups whose hydrocarbon
radi cal is one of the aforéﬁentioned preferred al kyl

- Spoups. 10 The prel et e tuel.0al ik geougey) noluday

ups rocarbon radical”1s .one of
twmﬁaﬂunaﬂﬁéntM@W@Qupﬁ%feWh@ﬁecyEP%%P@%M“E§F0u§§Vlfg TRe

Qﬁ&j@éﬁ]@l} alv\l@@wl I @EoOURD Ol Ndoude ¢/md1f oz, amet ydil
PI \/ y P! s
ég%Q%% ity h Q HP cégg%— bﬁdg%hékaod g%ﬁ%¥ > oﬁﬁ.
Zmas?ﬂheo rﬁEé%f dnr wlahkowéaméhyprgﬁé{ﬁﬁllr Rl Jsh ﬂ)e
r hengbe 81 hopesarganybaserepwedachany! ,

butoxycarbonyl tert-butoxycarbonyl, hexyloxycarbonyl,
2- nethylhexyloxycarbonyl decyloxycarbon
dejuee c yilnoeptareorgd Lygieasp. COBPT IR F‘é’p”ér(’@épsbﬁer?ﬁ%ﬁ’éd

fur ehex substd t vent Spy Swehghs, | ivaead ofn  the

e SR
branched aIkyI % ps having from1 to 6 carbon atons,
FoPRime

I Tt hyl, propyl, butyl, pentyl,
Zafretcleplabtrt winice hdxiyhy @ecﬁeﬁ‘eaﬁﬂylfr@%m ppr more
G‘%ﬁm&l@éﬁwpe%}éhtaﬂgtéacl ehexy! ; cefpehsds habEdexhe
e referred het eroatons in the R7 group include, as
gen and nitrogen, also sulfur, boron, 35
S|I|con and phosphorus. The heteroatonrnay-preferably
be present in the formof an al cohol, ether, ester,
am no or ani,de WD 2007/ 025837PCT/ EP2006/ 065060
S 17 - In® enbodi ment of the{lpresent
invention, th¢ R7[radi cal conprises at |east one group
of the fornulg2-0 or. -NR8R8, in which R8 is

_independently hydrogen or a group having from1 to 20

carbon atons. 5 The nunerical ratio of het eroatons to
ciat behiel ORs iisn HyweroBeénr adi cadthtly, bR" Wi g hitn lihgar ox

{b?% d'NL$xd At IJ]%d:L SoRr efigtabl Y #bn he r aggesd rampbnl

Ty Ao L3 Goph indppeniceatly Bafocen or a
group of the formula -COOR' in which R' is hydrogen or

an alkyl group having from 7 to 30 carbon atoms.

The ethylenically unsaturated ester compounds of the

formula (I} include
(meth)acrylates, fumarates and maleates which derive

from saturated alcohols, such as 2-ethylhexyl
(meth}acrylate, ~ heptyl (meth)acrylate,
" 2-tert-butylheptyl {(meth)acrylate, octyl
(meth)acrylate, 3-isopropylheptyl (meth)acrylate, nonyl
(meth)acrylate, decyl {(meth)acrylate, undecvyl
{meth)acrylate, 5-methylundecyl (meth}acrylate, dodecyl
{meth)acrylate, 2-methyldodecyl {meth)acrylate,
trideeyl (meth)aczylate, S-methyltridecyl

(meth)acrYlate, tetradecyl (meth)acrylate{ " pentadecyl |
{meth)acrvlate, hexadecyl (meth)ecrylate, " 2-methyl-
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The repeat units which are derived from di spersing
oxygen- and/or nitrogen-functionalized nononers (I111)
i-ncl ude especially repeat units which are derived from
am-noal kyl (nmeth)acrylates such as 15 ,

N, N- di met hyl am noet hyl (neth)acrylate (DVMAE(M A),

Nyt db 5%} dpdeati nopropyl (meth)acryl at eecT/EP2006/065060

N, N- di et hyl am nopentyl (neth)acryl ate, ‘
N N—dibutylaninohexadecyl'( th)acrylate. 20 This al so

| Ll . y o !
| Bekades poPECl i L aReal ULLe. Al eh AR T Ghce,
N5hhdope¢wgﬂhﬁnuaﬂﬁq¥éyl(neth)acrylan1de (s g Ty
TE‘—%e@ileS%&}]El‘Hdt‘é%%c?ipeﬁrfiﬂ))éd&@-twﬁata urE:—tézh\zyﬂbehaaéeyl
ved from hydr oxya r
3 ﬁ?ﬁﬁt XToFEIA” ( th?%éﬁ?ﬁg%égyggeﬁyglﬁy 0X %Hgg}gée
(ﬂEthﬁaQYy|aﬁ@?tﬁ}ﬁgﬂklﬁ©ﬁethy¢043ﬁﬂ9ﬁﬂacr@ﬂ%&@iacrylate,
ECY xﬁi r&ers]ay%%yl Eﬁﬁ&m?@déﬁ}lat e(med) acrylate,
|ne ex (ret hlacry
ThtpemeL ya1 S (etRl Scryiane:. ARPEA T Geskbaeratete
i andydes ebpestl natidagrnikichtyl e HeetihedvdeRe: CYClO“
h§%§§9cygﬁé€h(£8¥ﬂia%%% | agsn s&sh 2s435.cri-t-butyl-3-

azol yl ) ét-hyl | at e, _
vaﬂyhfﬁ %ﬁ¥}|)ethy$ rﬁkﬁ%ﬁéi@%ﬁrate 2,3,4,5-tetra-t
1b( Ry ey diadrepydy | (owey bt Agtylatqyrrol i done,

26%%%2%8%%PCT#EP20%%} B8y {ydCkrom unsaturated alcohols,
NE Rt PR 0\ PLE Lo MEER] R GRS

“bfaiﬁilhﬁbrMhﬂyhmayerhqtesmeyhroasdlhﬁﬂéaﬂcyclohexyl

,{@gj LY OREQRY L) - GreRW) bEL ThE@Ne. @ndhesene
also i nc e es eC|aIf§ﬂTe éﬁt unlttymhlch are derived

f FORFPFRITIEY SUPKBERT A&HYITHS2ETE "and ot her
ni trogen-contai ni ng net hacryl ates, such as

N:V}% get hacé){g:lr%\él sQ¥Huet hyI )Qﬁétﬁqgﬁﬁﬁagéé* m neéncompasses
net hacr

oyl oxyet h |hexad§c ketimne 10. .
n@?hh%‘?@rjfﬁﬂ%n C@Faﬁ E3L- ean Llso mixtures  of the

2Bt hassyd ayroneeishpreewhie Ty daemite, They adbiret hyfical:
‘et hacryl e derived from
gvg‘%%nér SI%( r{:g%ylg The jLgpeat, il $, MR GR-AES,

gen- "and/ or nitrogen- functional i zed
mononers (I11) also i ncl ude repeat units which are

d@ﬁéV%@tfeﬁ:Of&di@cﬁﬁﬂ@yObiﬁh viLeyd-donpouatisohsluchadscals
ZC%.%? | p g:l dl lﬁefib f}él méxg}ﬁ h.g' nsf/)P/ reactlng short-chain

ine,” 3-et hyf-4-vinyl pyridine, _
2(@ebﬂnm1nylﬁ—‘®sw nyIfHWF@IF%f ounakaRnSSyri ARdl e,  the

V!:Bi‘%@é;s&[dﬁigne&c@dyl nyd tﬁ'ﬂr uaagLehaanu fadtyar bazohels,

4- vl | 'car ba 1-vin oI
t 4 for example
ZWH% THRyFERRA %ﬁ91| Rt vdy e ?%n ? Eror o

N{ v tly) qpypryrlaitiedi newitdh vi ﬁyﬁ%@xq&@j} i d fBg- chaln alcohol

h&g&F¥éE§prolactan1 N-vi nyl but yrol actam vi nyl oxol ane,
vi nyl furan, 25 vinyl oxazol es and hydrogenat ed

vinyl oxazoles. In addition, the polynmer nay have
fgnesé fantty afcdholishemaioxenomer élepwlv\,h? hl drdhde=xo

51881901?0 ggﬁggé ('2:,0:&3”) Alcdidi® :L%@%sptec:lt @E'fﬁlgf‘gﬁ‘ﬁe
S SU SUpStT.L.TU
AL IVIIAT o v i S P BE Lo i e Tl

ashEthylatyr eabHaRd Eistand1$ YeenéICEUbs BRI e810 and

ol uene an
Linevol- 911 and Neodol 25E (Shell AG); Dehydad

Hydrenol® and Lorol® types {(Cognis); Acropol 35 and
pxxal® 10 (Exxon Chemicals GmbH); Kalcol® 2465 (Kao

a@%ﬁeﬁ&a‘“ ”Q(E%@lgﬁ' kyl sybsbiddien) 0N tNeinkog1® sush
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35net hyl st yrene; hal ogenated styrenes, for exanple
nmonochl or ost yrene, di chl orostyrene, tri brono- styrene
and tetrabronostyrene, WO

2007/ 025837PCT/ EP2006/ 065060 - 19 - of vinyl esters .

-such as vinyl acetate and vinyl propionate, or of

idYdodtdld@esysuch as vinyl chloride, pamrgp2bbeosésiego
vi nyl i dene chl ori de and vinylidene 5fluoride. Al

af orenenti oned et hyl eni cal vy Unsaturated nononmers may
be used iqdividually or as mxtures. It is

a I'y possible to-.-vary the nononer conposition
10 during the polynerization of the arns of the

Pﬂﬁyﬂff kﬁfﬁﬂﬂﬂd@& rQSEQ&Q|noﬂef%ﬂﬁdfﬁhﬁhﬁturEEveﬁKMon,
exa e bl ock ol yners or.gradi.en p

PSR Ter 1 Bt Gﬁﬁ'g}/lpr%%eﬁts Avén xlt})ln%%r e'“l\‘ er a%ﬁ?} }%?m
haﬂqﬂ.memghthaaexfiﬁteﬁﬂ eeﬁlaﬁﬂm9|gﬁ9rwm1a|n(ghe r atife
;15%%1% '%818 &j nalk 420 1&&@9,: haﬂ‘ghg ﬁ{refnersamoy 15

r om mol to nd nos a
fFHRGD BET /ﬁﬁltﬁﬁ ég‘ﬁ%ﬁgg%ﬁ%? |nve%%ﬁ& e
stlas prolgeneirempRéf epabby hﬁvmﬁxghﬁﬂwhﬁﬁeﬁoPécﬁh%rwelght
Wet ghty, c?dl ?hbﬁbl*ﬂ@l" OfoihH G 1l0%: n@éﬁ R’ﬁ&fxf&ﬁbﬂg}’ the star
a

MoNOoMo Preference, is gLV Ly ersig
NBP IS Tt TRe r BRGROF I 16 JE) tg‘g Q%BZ fer asbl ‘fmo%n
1f6orh 014. Bo 2B Terbee gﬂﬂon@vemgélmmh@{ Wﬁﬁlgll’ﬁ Kep
aDfet iy ‘ar Lleratge "B aRY & WPl pihveambeasea

termne and the polydispersity
it chif %t‘é‘%{l% t‘h‘:e ot PR ‘%/ SE+ % uegorTé'\%%ééln
apparsidr vallyesr80 whose deternination is common
know edge. For exanple, the neasurenent can be
effected in tetrahydrofuran at 35C a Qirs whi
pEt y ABERGI OBt BAR - PPAYBSE BB 413V6n éénpose 0
dasetdafivd froRSfstianeamisofglsymer St andar ds Service
O Pol yner Laboratories) whose Mieak is distributed in
| ogarithmcally unlforn1nanner over. the r e from

gt gpnd

Hhdmbatdd Havipgsai bl-€st alkigk wahiviadat i ons' of si x

-colums (Pol ymer Standards Service SDV 100 A/ 2 x SEW

LXL/2 x SDV 100 A/ Shodex KF-800D). ferregt 0%
piixbiy nexaympie t Has relemiey ﬁ(saéht‘?%ﬁ’réﬂ% Iiomo &5di H5°
fig t @e@ght | t Yreferably from 0.5 to 30% by weight and

more pj:eferably from 1 to 20% by weight of repeat units
which are derived from one or mere ethylenically
unsaturated ester compounds of the formula (II)

| .
N w

in which R is hydrogen' or methyl, R? is a linear or
branched alkyl radical having from 1 to 6 carbon atoms,
R® and R® are each independently hydrogen or a group of

the formula -~COOR'' in ‘which R'' is hydrogen or an
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The polyners preferably have a filterability of at

| east 80% nore preferably at | east 90% and nost 10
preferably at |east 95% based on a projected
filterability under stage 1 of 1SO 13357-2 (5 gm ,
filter). Preferred polynmers may a filterability of at

I re preferably at |east pddlerdubess060
p§@?§P§2(§2%§3 east 80% based on the ove%zll profile
of the filtration under staffe 2 of |SO 13357-2 (5 gm
filter) on. 20 In a partic Ia ect f t he present

| AEENE SROUR HAFIdKE £t Ot rréy %‘330;5} &ERtin the form
of bl ocks and segnments. The star polymer may

PrE&L& %@Q%yoffav&rﬁhén%%tnywr%éthkgega Ie@.t@t_» | Ragbuaas

arm er ab
P81 SPabISPRHLA (129 nenCBROEk (R b oA oraraces
Capposhl kates orposte deofivendrom spteraosdsicapdles. ssgh
The NMOOABIS @he G UGl T eeEﬂﬁl et Wéﬁﬂ'e&%‘yll‘é.te, n-

unsat urated ester conpounds 0

The
nBreRELs SrerREYYACe ar éSPHEOEt'ﬁyI g‘ﬁ%ﬁ“&“& e
ubSavUr aheth esderl acenpdsrdsbotyl hénéon mda l@te) . pFheyl
TRRQUR! 3. écﬁh dﬁou%ﬂd | )ex$Ar T 95RPAML LR 14 i sRenShNEyl

or nitrogén-functiqnall z

déﬂﬁFK %ﬂﬁﬂﬁ?s FW@hnﬁﬁoﬁﬁ?%PQﬁnﬁﬁ%adﬁefﬁg?cf%f?%%pond
t QmébR) 4 e hefes avinbTEks idet drbeduatmneatefiDalcohols,
2007{ 0258 00, Mo O OHP
% Zﬁ gé §é$£§55§é' @&Qgﬁgggg?awbnd%ers 0 E%?@Sgsy(l)?
(PP? %&Eyklﬁmﬁthd@€rﬁﬂéF§rably | i pophobic. 5 The star
pol ymer preferably has at |east one |ipophilic block

CONRLL SIA 3 offexﬁfc%f%ywﬁg %Sfae&%%lat eEEé%S Sepbysss,

from nononer s and at e t onf

| PpophObiar bPERKCLSHS | 5 ng1%eRi §R FGpolt ates
r epeat thdi hsleetdy eghd r unameRRr sr ef. gl?nup%, (H-”| pnd RE
10%' hi‘lg ?n aé I ?Q} érg%a(%rtﬁ?% t:.%ﬁﬂ%gly %rgkgﬁ.‘ed

'S r|c bi'c 'nmono II
(emqu:arﬁart@r a(nev)hyﬁwgﬁaveﬂat IPRRFL A %)65@5 btes
Bre Prefanald yvak thel 2asilatts.by vvel ght based on
the wei ght of the block, of repeat units which are
derived fromone or nore ethylenically unsaturated
némohestsllof. gelRipdnyenyive | PPIYERE/ BRY( 10PfPrigeWyen to
t hee aB9VQveki|g@1¢:|$ hevwd fega® 1) grp pt@pcm%r @Yy Ofred ghpophoadi-€

¥ whi ch d
n%ﬁ%ﬁ%ﬁ 3 otlu‘g %‘?J )ebY(e{VIF¥ and?p 9%? E ‘HR:[ES which
pres eﬂ&bttye@r rfawgweddmmw (erasET eRnB(OF heiSregen-

PALYFEIonaiRize a6 AbhEss UfErdr.i ngs about a viscosity 25
i ndex- |ncreasrng action. In this context, the

expression "close to the center” neans that the bl ock
|Bnaar@ag9dcg1efeaabE9trnthhedﬂsperh@ngXﬁﬂﬁﬁr and/ox

{&J-funbeltaﬂsliﬁéét ﬂd&!ro&rér Ohat hqoa_sorar eamgﬁé&mg'
arn1 t

cent er constltu E %
BeR‘ AGeR 2REvi R a ﬁ'ie 86%5 Pt G o‘Fh"’rchb i een
rmmaatrermlﬂmm/\/mmhahmmcdlerm fororamgme Gt I\TB?—@I where

@n%@r ééf egfd%ﬁngl la% gz_(olu | hrang/ %on(plr\f)se'ss from 2 to
prefer Barrange ose to the end he arm of the
200 carbon atoms, especially from 2 to 20 carbon atoms,

more especially from 2 to 10 carbon atoms and has at
least one heteroatom, and in which R® are independently

hydrogen or a group having from 1 to 20 carbon atoms.

R’ comprises heteroatom-containing aromatic groups and
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the c?e§CFIeEFF6‘Pi1%f the medMIHYH gﬁlﬁﬂl i npose a

35 star polyner, this architecture brings about a
viscosity index-increasing action. In this context,
the expression "close to the end of an arni neans that
the block is arranged preferably in the second half,
nore WD 2007/ 025837PCT/ EP2006/ 065060 - 22 -
PaeT£s@Ploesiga7t he last third, of the qam/eppondiogso60
arm the center constltutln% the start. Polyners which-
have a high proportion of” sperS|ng 5 nononers of

at . the,end of. at eas

iR o RS LANE 2R RS Y
i gruser s. ahd a Fiact i c@lh@xsa:speélmlﬁélls“??@hs nﬁifkanoylf
t L SER: a%ﬂ%%%r@ +8ust ose to the center, a block which
conprises a gﬁ proportlon of .one or. nore

ethyl enically unsaturated ester conpounds of the
facaoandingl | roantier irveritdongonenomnetiss obrgibap ¢¢ngte
%J’?caqlsoc %f“%&ﬁol s %ef egde chEom di SREGEIRY FBRSSRIGE

e_en

| he. |
tw'fwf P IR BHOB B saghBri Y 1 FoF o % o

. pref eraadiion attomeas Pr&faredrorronmtdice Kaohps afet e t LR

Wﬁﬁgﬂﬁk%rn'E%phIﬂQl%?&othﬁﬂﬁhéﬁﬁmwentﬂlgﬁenyl ?ther,
era aveawel ave ee oly ation
|¢Fﬁhﬁ§yﬂ§ﬁ§§aF?on1%BP¥%Pﬁiég%eﬁﬁi¥q$3%ﬁngen§ Ners
nyrde pr eparrede.n vaxisgedeways ind@BakEoie] nstaﬁ@%az‘?le:
AQ ymers may 9649&%%1@ oceedi nngSDﬂlﬁlenylu
Gg unctional _core 3% | nitiatqr espec né %9§¥Il _
p¥ é’s§§§de8F°E%ntrol I]e F1 AR Cal polé For;
f:o,r3 axanmbeecAERP, RAFT ot , AMP- t BRIy IATRP, érb@i@%@ol%
2 -Bekal zoiif s aﬁsyr@ﬁul%toluﬂs i§,8, 3lividdple,

free ra ymerizatiqn mnth any |ntent|oqiﬁggt

'nﬁﬁizd[@UEqﬂanln idheiseloieocebsesoxardieansbenpimhdazile,
%ﬁagﬁléeaﬁﬁéﬁ%¢§f93z%%@0"PE%HEBE%&@QBueh heShehzo-

rans erable atom etransfera

furan, carbazole, pyrl dine, bipyridine, pyrazine,
pyrazole, pyrimidine, pyridazine, “1;3,5~tr1a21ne,
1,2,4-triazine, 1,2,4,5-triazine, tetrazine, quinoline,
isoquinoline, quinoxaline, quinazoline, c¢innoline,
1, 8-naphthyridine, 1,5-naphthyridine, - 1,6-naph-
thyridine, _1,7—naphthyridine, -phthalazine, pyrido-
pyrimidine, purine, pteridine or quinclizine,

4H-quinolizine, diphenyl ether, anthracene, benzo-

pyrrole, benzooxadiazole, benzopyridine, benzopyrazine,

benzopyrazidine, benzopyrimidine, benzotriazine,

indolizine, pyridopyridine, imidazopyrimidine, -
pyrazinopyrimidine, carbazole, aciridine, phenazine,

benzoquinoline, phenoxazine, acridizine,

benzopteridine, phenanthroline and phenanthrene.

The preferred alkyl groups include the methyl, ethyl,
propyl, isopropyl, 1l-butyl, 2-butyl, 2-methylpropyvl,
tert-butyl radical, pentyl, 2-methylbutyl,
1, 1-dimethylpropyl, hexyl, heptyl, octyl,
1,1,3,3-tetramethylbutyl, nonyl, 1-decyl, 2-decyl,
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atomgroup is transferred to the transition neta
conpound,” whi ch oxidizes the netal. This reaction
forns a free radical which adds onto ethylenic groups.
The - 23 - transfer of the atomgroup to the
transition netal conpound is, however, reversible,
swoh2bbayoz2desat om group is transferreﬂcTMEﬂedns/UBsoso
growi ng polyner chain, as esult of which a
control | ed pol yneri zation tem5 is forned.

R e S S S R TR

can be controlled. Furthernmore, patent applications WO
96h3042 breWEr-Ddd 47660 1 X Bf1 182§i‘ou;:y¥) 98&ﬂ6}4a1c5e anden®

9 cl 0S nts of RP |I
ggéggggr&fdd ti g\i%%) H%ylahven Qfo%eq’f@-rg'ers %%g%?g'e
o@Yﬁl%@Pt}f]olanéxﬁﬁﬁl Yo eC RAFBLAPhods. Th| s pr ocess
is described in detail, for exanple, in WO 98/01478

20 A4/ Q83169, tq_whi fer
B BV AP AR e L0y (5] SLENGE 5B nose
Moy @ovetrbarhe gadierti vé spolopser §far et}b?bt a?‘&fr%ﬁrﬂenbyow
PpesEssRs: athvahgakgpgescribed, inter alia, in 20 US

'4581429. These methods are detail ed conpr ehensi vel y,

especially withfurtherreferences,interalia,in K
VEry | aseddsked TyRloBakpwy Herrsso ki pELude dicy gl ogbkoxy
Vﬁh‘ﬁﬁ@' Zhd ), WhREdrHoe SGiRNeal Hakokeme20Qk tehe
ch refterenée I S.made. ex |1ID%I g(gx fgr the pur poses of
t e HTET oSUF p‘fﬁgeﬁﬁ/%n?lve S go?y?rers may al so
be prepared 30 proceeding froma polyfunctional core
figst prifdralar %iRa@bPEr &Pows " Gonrllielkl edhe formyl,
pol%// rization proc$sses suc%s via anionic

pot i zat PERP @R T oni ¢ POl HEFTF LB SHYSE GrP TRyt

| wleroygr.ocepsesleyle kndwrapeylse afrFanayldesen¢ibedche

f MaLdR1egrblpG Odian, 35 Principles of

Pol yneri zatl on, John Wley & Sons, 4th ed. New York
2004. - 24 - In order to obtalnthe i nventive star
e nepsefpreddr endbokgcgihenyher greoupssi ngclniei attdrs

%%}@%‘é@bﬁﬁ?@ 3t Oe@ﬂox%@ﬁ ferab obbﬂﬂbéz‘]’é&lﬂ5

most preferably from f bl e gr.ou
ﬁﬁé‘s‘E‘YCﬁF PRYLr s GHEEPHE ﬁ&ﬁgaﬁa@«nﬁwﬁi %r ‘H’g’%'
aﬁ-enectéﬁ;dhelagﬁoxyr:atﬁmﬂmlt,eré\@a;ub):deiaabbsm‘labnv_edodeéyl-

oxycarbonyl group.

The R’ groups mnmentioned may have further substitﬁents,
such as linear or branched aikyl groups having from 1
to 6 carbon atoms, for example methyl, ethyl, propyl,
butyl, pentyl, 2-methylbutyl or hexyl;

cycloalkyl groups, for example cyclopentyl and
cyclohexyl; or else halides.

The preferred heterocatoms in the R’ group include, as
well as oxygen and nitrogen, also sulfur, boron,
silicon and phosphorus. The hetercatom may preferably
be present in the form of an alcohol, ether, ester,

amino or amide group.
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Thesei ncl ude tetraki s(bronmonethyl 10 nethyl)benzene
cycl otetrasil-oxane derivatives, calixar derivatives.
tris(bronmonet hyl ) mesityl ene, hexaki s(bronmoand pheno

- derivatives, derivati ves, cycl ophosphazene ene

derivatives and cyclodextrin 15 In addition, conprise
swot 2bbE/ 6aBd37at ors which are based orpcayEPR00650065060
exanpl e based on gl ucose ag% sucrose. These .al so
include the ATRP initiator T

PR A B ATNSIO Elh e 0 I present ipvencion,

- Dr onol sobut yryl ) sucr ose. contro

f EBR- Fadiealicdl YRR HaTSon2tan eBE tpiior FEER of the

sfepmarsl porSsuke, -Nrfdicednpressitr eRbriel dwdbpandently
p . I ' ' e aLyr e, i I
RS ot B SRR AP Bl AR ETTELTRY" Enderf cASps.
range from-20 to 200C, preferably fromO to |I50C and
][Tma@ ﬁﬁlgéﬁciﬂﬂl yrfimn&f) h@téﬁ&ﬁaon{@‘letcSO?ﬁﬂﬂiﬂ estoms in -
ee-radi S.po rizatlo rfo i
mﬁ?%d%txgolgg t@a¥ggetg%ﬁ¢ms&%@%%?%nggséhggFg %ﬁﬁ%bcﬁs
updeferaddy het etha esgBr Fag@msdiide. tThé: $81 veRpeskally

setested aecandi Bgat Rotrdefdaanbly 6f o he: Twronens

used, and preference may be given to using 100N oil
l'ighter gas oil and/or aromatic hydrocarbons, for
eReeplrereskucrel tt xiche. 235 TRElVaderfiiofe Siapersing

POkYHEI- Mayapsef elabbyeRerusett dua10izkbal QfidAdnRtisONEIIT)

R T A T e S el

ferhinraléanidt (opEh aemvdattdosysheR8rabl y conpri ses base

Of; | 18- BBk 1 8mOHBethyl | (mddh) ackY1ap6/ oovat pup)Y. A

I icant oLl forrulatjo rLs t least one 5 -
I%gdegﬁthgthlmr?%fﬂ eﬁc?lqgllcfgflg%% ude, especially
il Nerdiletbiyllemizgpemest] clusiths agimsilabeural oils. 10

Ny Rer Bilou@ivh 8mBh Sn&RQNELPeT (@ h3RE-g0aw@r ci al | y
avai |l abl.e They are generally obtained frommnera

oil or crude oil by distillation and/or refining and

opftinalsy fiocihdes pesbectatlynrapdati wRdhEnghich are

Qié%f%%%ﬁs’fEQﬁ t &R JYaNRE A maLh) NG} MRS N such  as
%€5ﬂ1é§$e%£ylaminopropyl(meth)acrylamide {DMAP (M} BAm) .

This also includes especially repeat units which are
derived from hydroxyalkyl (meth)acrylates such as
3—hydroxypropyl (meth}acrylate,

3, 4-dihydroxybutyl (meth)acrylate,_:

2-hydroxyethyl (meth)acrylate (HE(M)A},

2-hydroxypropyl (meth)acrylate,

2,5~-dimethyl~1, 6-hexanediol {(meth}aczrylate,
1,10—decanediol (meth)acrylate. '

This also especially includes repeat units which are
derived from heterocyclic (meth)acrylates, such as

" 2-(l-imidazolyl)ethyl (meth)acrylate,

2—(4—mprpholinyl)ethyl {(meth)acrylate,
1- {2-methacryloyloxyethyl) ~-2-pyrrolidone,
N-methacryloylmorpholine, ‘
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- et 8RR R nelt&® of? %‘B‘?ﬁal f oM 0

15 the higher-boiling fractions of crude or m neral
oil. In general, the boiling point of mneral oil is

hi gher than 200C, preferably higher than 300C, at 5000
Pa. The production by | owtenperature carbonization of
shal e oi I coki ng of bitum nous coal, distillation of
280 DI Y 0588k7W t h excl usion of air, @&&/Qbﬁ@os/ossoso
hydr ogenatl on of bitum nous or brown coal is |ikew se -
possi ble. Mneral oils arel8l so produced in a snaller

proportion_fromraw materials of vegetable (for :
e&?ﬁ%}@cﬁ&ﬁi‘" 6?%%@&' or animal (for exanple -
neat Zinetha2svody)oxredivi) Aceordbhyfiinong.neral oils
th?a n%%&%@%ﬂgy&?&c}ﬁ?dﬂqur bQGerdL {A8Ea0. proportions
o}

aromatic, “cyclic, branched and |inear hydrocarbons.
In general, a dlstlnctlon is drawn between paraffin-

%émealmphhhmde angeaiahly | cebeatt LoAssi whdchdare
O&ézsr\%rd NENGE als Qi 1%s 14k mﬂh&ﬁ)téﬁﬁitlgﬁmé&ﬁafafﬂdq -dAss

“fraction represents | onger- haln or | y.branched
Ph

|%ﬁ%§°n§ﬁﬂn+%%rﬂ?@ﬂ F&E?roﬁu ®sents cycl o-

al-kanahackylagiotyerhy nidigsabuby L sketeperai ng on their

3p- ﬁﬁét@fa@r@’ﬂg% 1@% ﬁ%dﬂ%‘!&d@b{ri%&@ﬂmﬁr{@ﬁ' ons of
al Kanes :

anes [ | ow degree of
m%ﬂrwéoykﬁ@moaa%emﬁr&é%h -branched paraffins,
M&mmymdglhﬁyemmmydmmm@ particular 0, N
a to Mhich a degree of pol ar

Q}ge{n methegg’ry]but A

proper are attri d. However, the assignment is
dlfflcult since individual al kane nol ecul es nmay have
b.'EHeh h:apgaahairritl@r awbbed grreupdeaidedydroal kdhepersing

;g} rese @rﬁﬂﬂéa&ezpafﬁrﬁctl%nagﬁzteae iR EEeS mII)

inventiron; the assignpent can_be, ef

tEblEE;I Nizelads, FePeakar¥ids PIFACDs r 886 o€ TR 6’m
hes hatcek el ned viay ASEMnPoRA8s, Fhehf aacti-uinpipyri dlne ,
n —Q;lkna'iﬁgr ? RL eferred mneral, %ét%flsglglhfﬁﬁlt}ﬁ@:e?%

fie proportion of O-
Sﬁ-@ﬁi'{y rﬁrﬁgnlfb’?lf)’&ﬁi‘d%e | es%: 3 HETEHy 5\/\/:‘5?’@:}"13(3’3’%“9’
RFlQﬁﬂ.&)Erh:Qﬂlainéhe &frﬂﬁ[ﬁtp;@&x&r&in@f t h@-vinylecarbazole,

ched p raffd enera £achi1e,
b e e i R
@m@wﬂrﬁgﬂ%ﬂa@m@ﬁzcﬂm né‘?"é’[lné’leEBﬁg%‘?%%% Y -
Wﬁ.ﬁhﬁeand ﬁﬁfl@ifyﬁ.bﬂ}rba$ﬁdﬂhé$ﬁnew—wﬁlnyﬁchpﬂ@lactam,
enera nor t an 13, pre ret and,
thnﬁrlg’%/l&?’é% Fite than” ﬁﬁ)?%%?%yoarﬁggt ons. a{ljrjhﬂﬁ i
friagtliosnzoles h@g@ Tushsaenas oPs vERNEIER33L 0% by
wei ght, preferably 80% by 20 wei ght, w thout any
i ntenti_on, that hISSOU|dI osg_a re ti '
ﬁave J% ! g.%so}qibtﬁ of
Vilgirghierofcomoommers f(Tubt WwbAsh FPomoLs keg oagostsy Qfo”éllué’ﬁ*t

ofyyna egl.c Cliecibiogp 35 to 80% by wei ght of
(fI) fﬁ?&s]base :Fr%ctl ons, lC?p 0 3% ‘\_/ \NEquht of

r1'- aI k&fe S AREDEr FRPOTES St %tltuted
conpogmgsenbashdving each adkyé cambtsltxetugnm :Lw9|tg|¢t sgde

-~ the mpeig Sl 48 SOALS/ 15 GhoRa" haUbAELYy DYghened

mnera 0|fs ch was ef

cted ans .of
conveﬁvbéhatu‘ﬁfbcéﬁ?é%n%%cﬁagén%r é% S%ﬂ%ﬁat TR tEgent

11 qui gnchregramt agimaphy ©nclsi | bea gdhylshbwspefoand p-

Coh o RGeS TR ah PO ) PREralie, PEPETLRAERS

0i | usedocBborpsiianes. havqih@hqumﬁtaﬁﬁpsx 1g-%ipreyo-

car b°§t9§:QH§ artd zi:el-.zg%romostyren_e,
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slightly branched al kanes having from 18 to 31 carbon
atoms: WD 2007/ 025837PCT/ EP2006/ 065060 - 27 -
1.0-8.0% aromatics having from14 to 32 carbon atons:
0.4-10. 7% - iso- and cycl oal kanes having from20 to
32 carbon 5 atonms: 60.7-82.4% pol ar conpounds:

" Owd-PoPPhodsesy: 106.9-19. 4% Val uabl e pcnfyeppodé cossbdc

regard to the analysis of mneral oils and a list of
mneral oils which have a dPfferent conposition can be

- found, for,exanple, in_15 Ulmann's Encychopedia of
| Pdusi? ar SFOnPELF5 BER™ EBFL I ORYan TGN 807 YL

under pramdonesrt seand rel at ed products”.

gynt?e&f cvghigfs 'h%?'iaés cslr&@flﬂk Q"T' es:tia{,;g, cf}ﬂrorﬁlﬂlaﬂpl'ﬁr@(l
I est ersandpol yesters,.pol ya enealycols, p hers

synt hefi[]iué’rﬁgﬁr’ oca‘flﬁjé’ﬁr%%eg pec cﬁ}%ﬁol NoiRyi 9%%&1?%1#9

whi ch finefrédence i s given to pol yal phaol ef ins (PAO,

silicone oils and perfluoroal kyl ethers. They are
usual | y somewhat npre ensi ve 25 than t m ner al

e e
- oftk, @ BFeﬂ%@%nFﬁﬁ%xge%qalf"Tyegﬁ?%a W ARE) (rotiomers
peaf orveancesed\atindilvidibd lar eoani aal BIXLWRS.ablld  is

o A&itif&{amsarﬂus%imt 00218} | 800" mbRbADR  SbSosiFon -
These oils may al so be,used _as mxturescta areine o
NBWY s RPHEIG AN °Fv &l 4% 2 1e PontEhtRArFSH
oint hedetrar tpolopteis |dedivedi bt8éctwrernl atpon $pmple
PLES SF %}&@eEEEOf fen@MeBpd1{QA9% by wei ght,

nore p ably in the range from1l to 25% by wei ght,
based on the total weight of the conposition. WO
2607 | 82583 PBCThER 2 @E6/ 0B 060esent invention preferably

has a weight-average molecular weight M, in the range
from 10 000 g/mol to 450 000 g/mol, more preferably
from 25 000 g/mol to 150 000 g/mol and most preferably
from 30 000 g/mol to 90 000 g/mol.

The inventive star polymers preferably have a narrow
molecular weight distribution which is more preferably

 monomodal. Preference is given to a polydispersity M,/Mn

in the range from 1.0 to 2, more preferably from 1.0 to

1.3.

The weigh.t-—average molecular weight M, and the number-
average molecular weight M; can be determined by GPC,
and the polydispersity M,/M, is calculated as the
quotient of these wvalues. These are apparent values

whose determination is common knowledge.

For example, the measurement can be. effected in
tetrahydrofuran at 35°C against a polymethyl
methacrylate calibration curve composed of a set of
> 25 standards (Polymer Standards Service or Polymer
Lébora,torie_s), whoge Mpeak is distributed in
logarithmically uniform manner over the range from
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- 28 - Preferred oil formulations have a viscosity
measured to ASTM D 445 at 40C in the range from 10 to
120 mm®/s, nore preferably in the range from22 to 100
nmR/s. 5 The oil fornulations of the present invention
general ly have a high shear stability, which can be-

NRPOdosd 0espegi al |y as the permanent shearrs6@didesioso
index (PSSI). The PSSI to ASTM D5621 (ultrasound for

40 min) 10 is preferably~™ at%nost 30 nore preferably

25, an t prefera The, PSS
%%agg&id Nng@ 5%[ 6artb%y tgég?ed roF pse
b-mhwe)tlpss p@éf%mtﬂqﬂ-uamrmg@lmoer AR CFRRTY e

s 190 and postsy efkerabkyspt 105tA Bhoddk KP-800D) .
particul ar aspect of the present invention, preferred

oil formul ati ons have a viscosity index mhlch can be
setefierradc geholdred plnrde andesentetiavenhoant GXRASPIE

[RALQ HnA; hher fngefsngmy0 to 300. In a particular 20

aspect of The present invention, the polymers may have
a viscosity index of at |east 150, preferably at |east
200G apdlymwsts prekedeabbly athaveasa &0 tanabiddtnerof  at

asReat gbs! h%&fees%fke%s%' oy tR@sRO! YOBI Sarfiy mbave -
a viscosity index st 1001 $Dre preferablyéc%ed

Rt ersBdY " Hadh \/]i%‘a&?su Tndi RRE® t Rat PF°7
dinitemabl ¥ipy esentleki pephabi & reﬁeaﬁﬁﬁhﬂﬁ§55ré (5 pm

i d close to the center of the star polyner. The
Ii pophobi ¢ repeat units 30 include especially nethyl
(nmeth)acrylate and ethyl (neth)acrylate. For other
a&relﬂeﬁraeﬁopslymaﬁeat iang iprepebiilesy el aje ldeasitr §Bke,
T Yﬁf@ﬁ y? LOSTRALE 30di td WP, mbBt O?Qréfeﬁéoiya at
ena e atlon Such polyners %héhereggre be usege

Iy'as bgeefli ngrageit s. OYFF Stich HSEd¢rat Ph

Kf(ill)tli‘at$oﬂf uhdervissagei Ly didesq 1@357edst(Sopw ﬁlléel%r

i ch conprises high proportions of |ipophobic WO

7/ 025837PCT/ EP2006/ 065060 - 29 - associ ating repeat

units is present close to the end of an armof the
Sﬁﬂfapphyﬂﬁwular|£Epéhﬁt®ﬁnthe thresehor émsebtboed Shar

g\ég%f $in1 80 %#rl %Fo%&@ggﬂr_ 9, kB ffBemseecmbcﬁasenef,

ubricant o atron, may conprise further
é@@ﬂﬁPVQS These additives |nclude
anti oxi dants, corrosi on

The star polymer may preferably have at 1least two
blocks in at least one arm, preferably in a plurality
of arms and most preferably in all arms. Blocks have a
eonstant compoeition composed of one or more monomer

units.

The monomers of group (I) are the ethylenically
unsaturaﬁed ester compounds of the formula (I). The
monomers of group (IT) are the ethylenically
unsaturated ester compounds of the formula (II). The
monomers of group (IIT) correspond to the dispersing
oxygen- and/or nitrogen-functi ocnalized MONCMers
detailed above. The monomers of group {IV) correspond
‘r:o the further comonomers detailed above. ’
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i nhi bitors, antifoans, antiwear conponents, dyes,
color 10 stabilizers, detergents and/or DI additives.
In addition, these additional additives include
vi-scosi.ty index inprovers, pour point inprovers,

~ dispersants and/or friction nodifiers which may nore

o ¥ 602y 7be based on a linear poleyal/kpboos/065060
(rmeth)acrylate having from1l to 30 carbon atoms in the

al cohol group. These | i ngart pol yal kyl (neth)acryl ates

are describ eci al | |n the d y
?P‘?f?erlsntr% chlp and t F&Se EEFE%’BI‘S yi%g rlq'g'é:b

200 ey nggzrmmﬁmﬂs) Th@ rﬁzé'ht Tellst&fe poxr

a:[lepd,br}gjbgréabl y used as viscosity nodifiers, pour p0| nt

I mprovers, dispersants and/or friction modi fi ers.

According to the above 25 description, viscosity

n’ﬂm fsters pohginerbpraferaishoddst atmdaasbophe vl Spapdyitljc

| ERAOVEE BnG NG gﬁi.i;hn@r%%@i;&on onerLeawﬂt e ts
W bellﬁrustra edlngﬂe 8t,___her { er WI&
u

&S £ 8 BRRAPFEE, © A é? nt et i B (%55t
tdiies Ihpdphimposklack estmprisiom A) h}igbpa:rramoe"ﬁl@fl the .
pPéﬁé?E Sm]ntgr %l%donf%mt henBab¥Eunst i gRalps (II),

In'tiators The S5-arminitiator
pEhtH( é‘WSﬁm‘?&butyryl )gl ucose and the 8-arm
initiator octa(a-bronoi sobutyryl)sucrose were

% gg?m:,e@f"ggaaeurea menber (Jdsdh Seenzsd M0

EP2006/.065060 -3
OPLCONOROMRYSEQTe grﬁé‘é’lson‘%lécu:?@%g % (;[V)
)hmré hazs%e@mt 2% ybel deigbpectiovel prefiggably at.
ii't\%% 3 weQyhi " ntsé@ EACHnE AR ML @@ﬁ.&le@fblock
ic 00| nC|

ed with I'iterature.dat
RlenFEPeRos SABATMEER . §5° | ACLHERL | %ﬁombo?zhe or more
| sy Rindea 1der euchatacitesd zednbyemeanst of groups  (II),
Wﬂ' B\ thls end, the Bruker Daltonics Reflex
3 h % nm Iaser at acceleration 10 voltage 20
kV was used. The sanples were each m xed in
afrass ahk00iBobe - iyt oxybemgoiac high proportion of

lipophobic repeat units which are derived from one or
more monomers of group (IT), (IIT) and/or (IV} is
preferably arranged close to- the center of the star

- . polymer, this architecture brings about a wviscosity

index-increasing  action. In this  context, the
expression "close to the center" means that the block
is arranged preferably in the £first half, more
preferab'ly‘ in the first third, of the corresponding

arm, the center constituting the start.

When the above . block having a high proportion of
lipophobic repeat units which are derived from one oxr
more monomers of group (II), (III) and/or (IV) 1is
preferably arranged close to the end of the arm of the
star _polymér, this architecture brings about a
viscosity index-increasing action. In this context, the
expression "close to the end of an arm" means that the
block is arranged preferably in the second half,-morg
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acid/Lid/initiator = 10/1/1.100 mol %wth 5-fold
functionalizationnf. = 931 g/npol) were identified

in the case of penta(a-bronoi sobutyryl)glucose, and 15
87 nol %wi t h8-fol df unctionalization (14 + M.14 = 1541
g/nmol) and 13 nol %with 7-fold functionalization (A +

Myy ZodBPohgawl ) in the case of PCT/EP2006/065060

‘oct a(a- bronoi sobutyryl)sucrose 20 2. Preparation of

the inventive star pol ymaT‘s:2 AIT appar at us consi sting of

eactjon flask w th _droppi ng f.unn
s??"?ig%lfacbfc‘b Lo eltg}ﬁﬁgt ergaif’]%e @ffr éazsg’gﬁflﬁggv\%gm’
uthélq@mheni:lqomstﬁ@@lggothﬁms 25 according to
table 1 were initially charged together with 500 g of

AL JrOPROIEE ahd HH9 | SO o5 Fon ey
ofiopentad aebrompirs ol At) gﬂmc@gé eif ott dcasbrondi %@1
mayuaﬁrwa}lwaa%%% AGRAY di Ngut-oridindgigsinagh wbem ofs

arns and deSired nol ecul ar wei ght) were added. After
|ﬁ%+‘c"?32c?1hgmwob’§§§| ng N2 through and heating to 60C,
1.1 g of pentanethyl enedi et hyl enetri am ne were added

'fhor defa i shab! ddedieactd Qe thifdy, 98NEréfore have,
het er ogeneous 35 m xture tsbl nce theg%l én%l exed cat all¥
Y

WBECFR eEBntthEn| SR HRZonpt e &P)"f divdd "OAFEEP &
nptd:pcaahlcez erbt heen otrhemomext wtbyhesiedllaneuntatreaieed

%.C c%fnggu?gst@ Ehe 70 f—:ﬁl[laG r?II’ h%@ﬂoﬁoﬁﬁr@lﬁeﬁ

r a WD 2007/ 025837P 2006/ 065060
ARG UG (e 3% 0B IPHE SRR bl odR) ol

" PAMA, di dysersliogk reowoweesen INAS abtdes o opve senditoDOthe

ithin 5 mn and allowed to react at 90C for a further
]. The termination was effected by adding 5 ma of

a solution 5 of 10 g/1 of CuBr2, 10 g/1 of

pEé arehbyhenedli ehby|mnetlyi abipeplaiti s gedmettd r ganm&s.

1010, N ' f?%ere E“Vh%t{ epgtdONs Shait 9P WBSeferably at

pressure- e, warmthrough an 203 col um

teaEhovel t hBoRapper YBELES - TheRr odiPPPRAR: Ui gBETRTF LS
r@f@ﬁ;@im W thadet rras 10ﬂetztz_:ﬂﬂ:\/-akraltregef neclgagel andk

V%oel neetrr}.%%%flpﬂ'a%n %g% Offfro a{-_.!;ylod he net hanol

rawn o ree A)Vl scous to
rubberli ke pol yner vvas obt ai ned. 3. Preparation of

Nfes OMn@ingt bbbl Petd NRAS bep@rppersd 1in Aldrious ways.
narrowdi stribution |inear (block) PAMAs apart from
conparative exanple 7 were prepared by ATRP.

G dnsttianceex shpbe Polmnels dvphis #xeppged proceeding

09&9@@059& ihﬁgtim{mﬁeboﬂﬂ%?ﬂmmmm@paéeﬁeMMY

RAFT. 20 3 Prepar ation ve e

6y ATRP?rﬂﬁeﬁﬁﬁ%r at u? 5on3| sFl ng (g#f%i 1 reggggo Q?JI]CBE&
ved Tyndirdppichgnt ubere | exagader ASREY r BAFT comd®iser
therm)rreter 25 and N2 feed line was utilized. First,

f r di to table 1 [564
B TPy TESRRT 1 t hEPCHRAPBE FRe Hondd: HTDERPAVRT
ct;l-rﬁxmr:aet e bkaing'e Bleawsra@iicailt palliperhaagieh t%glétqwi‘{
Ygr{gr]tldr %Igl'bfgn 1ggchtlto'tj,hé ndéQSrfﬁ@:qri 0z f Ik adchanism

shall J.mpose a restrlctlon In these processes a
transition metal compound is reacted with a compound
which has a transferable atom group. The transferable
atom group is transferred to the transition meta.l
compound, which oxidizes the Iﬁetal. This reaction forms
a free radical which adds onto éthylenic groups. The
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30 and passing N2 over. Subsequently, the m xture was
heated to 95C with stirring. .During the heating
operation at about 70C, 1.1 g of CuBr and 1.4 g of
pent anet hyl enedi et hyl enetri-am ne were 35 added to

- obtain a heterogeneous m xture, since the conpl exed

CRb by, ose3Rr esent only inconpl et el yecdi/zpabuefossdso
attai nment of the preset tenperature of 95C, ethyl

br onoi sobutyrate (from7.5% to 159 WD |
2007/ 025837Pc T/ . EP2006/ 065060 - aceor d| o th
dEE?IP%%erimPgClﬁhaer REPYntI- Wks E%d S oY totg SI% teafl
t benpaget | 09, Rhwewext ureveasibleowsdcho thajctthy a5
Gfobo hls[ 'e?;am%e%éa BhcrOpPasRd Ig&%u%@rr@bwﬁert &l@aln,

mxture

CRAEMESEIE ZEOF B 0B Cae TP hTh Fo R ARG phesySLen
nixt foeneds attomidithdly r edeg atr@SGdeorofa g t helvaer,

\%he? SuRsegueNit Y, WdgnH Xt e WahePl asilRifkl t ef@thnt

Ile warmto renove the co r.sa eitz TlOOO 10
| ShF R OR L EFF . e 6 CHPARRIORE- o‘lc‘{h(ﬁ atent
ofypail itechic®s?. Wor SEaR&KRdn ofWcdTpdradive ‘@Qaﬁi‘)f@?ﬂ
(ﬁ@@%/@%afﬁa VRoCYSIPh £7 WaScRE&PaKEE: BNt RAGE |tha

reaction _fl ask of an apparatus with a dropping
AR L1 1ahERted; "f‘Ii’%Ye condenser, thernometer and N2

feed line. To this end, 540 g of Cl12/13/14/15. NMA were
ch:}’tngi‘xar gec‘iiaet OQ_?H%%E:L%t h 81}7’&3& of cMid 120 be

th| o enzoate tert- % (?(froc oate_an
oeﬁa%l% m ‘fﬂr?e %%%ﬁ“ HYSrsk ’aﬁqdpmess
|mrdesz&dbla3a addidegadiy foe enmingdassungwﬂz%:(/@ﬂm and
%%ﬂ}m;abw_\t he mohuhe Meshealed 4 ondRC. oAbt efify

vvere added dropwi se. After a
fiﬁ#ﬁ%”re PuspRsSed P POrUSGOSHERY| peroct oat e was
added and the reaction mxture was 25 stirred at -85C

h =]
WAL r%? fgrfS%oJe%@%é P‘éh%@i‘é spluthboi ¥Wasie by Nmp

eparation of conventional |inear pol ymars
(Q@Wtswe Wil edr8 t 6281889600188 nBridhe
agcorgditagosto table 1 and N- dodecyl nercaptan (from 20
g to 2 g according to the desired nol ecul ar wei ght)
are mxed. 44.4 g of this nononer/regul ator m xtur
dfredd |etdhobsg@meerdehiail eR TRy GREIIDHN of FPFH ag“Y
ther? 1 reachieen fl &%Efe@fenaésapparﬁmwvmtmlsaaber in

: ' d d-
El%JnéE eb?’ﬂgg’g%ﬁsér%tezs i 2’ l ne TL’gcrad et ?Reat e to %%%Ié’%qd

whadymerd zaicdonf & 161 Bawrsq:rﬁéwe\m Hoboken 2002, to
2000283 ¢REELEERR0QRHR628601i ci BBy - for the purposes of

the disclosure.

The inventive star polymers may also be prepared
proceeding from a polyfunctioné.l core first initiator

' via other known "controlled" polymerization processes,

such as via anionic  polymerizatiom, cationic

- polymerization or GTP. The latter processes are known

per se and are described, for example, in G. Odian,
Principles of Polmerlzatlon, John Wiley & Sons, 4th
ed. New York 2004.
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remai ni ng bul k of 555.6 g of nononer/regulator m xture
is adm xed with 1.4 g of tert-butyl peroctoate. \Wen
the mxture in the reaction flask has attained a

‘tenperature of 100C, 0.25 g of tert-butyl peroctoate 5

is added, and the feed of the

nwaogeﬁrmséﬁ or/initiator mxture bypeBaER00E/86508D
is started at the sane tlrre The addition is effected

uni formy at 100C over a @r‘jlod of 210 min. 2 h after
t he end f feedi: anot her af ter ut yl

pgr oc?oa%e age a dlan t}ﬁe mv utrlg 'S %F?rr 81%18%8’
10pefepenee figr dialen2 hgre ALtg0vs em@ aknidglaporenwhich have

opt;@zhned tB. 2 Det bl n@i—é@ébcﬁm herom! gcubar: snedght o4

S ver I ht and_t he
p%ﬁ/‘gg %%13’5 gI|“ndrfgx DI f%f \q’étE agl 5‘(53 y#tle?s Ser&=- These
dén ettt byrepdr(tatbne Kasemeknews urerents wade are

efbect ashd N eheahydesitiian RitadiCsagpbns! a 20
pol ynet hyl nethacrylate calibration curve conposed of

a set of 25 standards (Polynmer Standards Service O
Pohgs®r Labor anolud@s), whosé&rie (Promemetdivit mephtedene,
a: & O8AF 4 (WPGERKLYh nsmiieﬂaanner over t hewakaRgs (b6md-5
106 t 50 102 g/ nol . onbi nat f 6 columms ‘it s
)Won]e) HZEhfar ds S ce SDV® I 2 x9EBVERYFS 2
XCﬁEIbﬂéJﬁ:aAMOShndex K@e&@@B):lwas used.cyFdophecaphiatére
Sa&f‘ﬁj'atl%sm g5l £ed And Adich-e0ht1400 Said eezzcmeeeﬂéeeﬂa

3‘8 0 a star structure-related altered
‘F%’t‘f?f?%é’l%

O hydrodynanic vol ume and nol ecul ar
wei ght 16, the nolecular weights NI, of the star

(84 oGl PAMDS &Gtk 2pRArante Vahuesardydi GakkY, dhe
val ues measured for. star pol ymers ar(e so%rrewfiucolgégher

PRFEY hGle §F9%he 0T ofFERPIEnaP2YT
narcxwedi stThdas | onldd netmeRAMAs tifie si ATRRr PSHBtiays

%@&Jd@er%bgggbgtﬂﬂ)@mce@% of thg st aeceakar&r&no-
pr epar ed were strictly nononodal with no

M%gé PE?F@?%OOGlOGSOGO - 34 - indications
what soever of free-radical star- star couplings which,

r eécﬁ{grol‘ﬂﬁl d ﬂ%eng b£eap! ep@&mﬁwat@%bl Q:atnhe be

er- average crosslin g whj ch woul d be
| &t b)ﬁtéi’fiﬁadpéﬁq&sstudiﬁar dr&Mnrhe PEREFRESI £
Vﬁieghit%d Tobdssulre Polryae o lysed i zEonposittamperbbure is

Iaq{s%o l’llngHti%%anpl fnlgeneral, it is, however, in the
range from -20° to 200°C, preferably from 0° to 150°C
and more preferably from 50° to 120°C.

The controlled free-radical polymerization can be
performed with or without solvent. The term "solvent”
should be understood here in 4its broad sense. The
solvent is selected according to the polarity of the

- monomers used, and preference may be given to using

100N 0il, lighter gas o0il and/or aromatic hydrocarbons,

for example teoluene or xylene.

The inventive star poiymer may preferably be used in
oil formulations, especially in  lubricant- oil

formulations and cosmetic formulations.
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(C12/ 13/ 14/ 15MA) 8 29 390 1.2 Exanple 2 (Cl2/14MA)s 35
700 1.1 Exanple 3 (Cl2/14Ml)s 89 800 1.2 Exanple 4
(C12/14MA) 8 117 100 1.1 Exanple 5 (Cl12/14MA)5 407 200
1.9 Exanple 6 (Cl12/14NMA -Dbl ock - DMAEMA 94-6)8 46 660
1.2 Exanple 7 (C12/ 14MA -bl ock - MVA 94-6)8

wo 2007/025837 - : : PCT/EP2006/065060 -
- 25 - |

A. lubricant oil formulation preferably comprises base
oils of API group I, II,  III, IV and/or group V. A
lubricant o0il formulation comprises at least one
lubricant oil.

The lubricant oils include. especially mineral oils,

synthetic oils and natural oils.

Mineral oils are known per se and commercially avail-
able. They are genefally obtained from mineral oil or
crude oil Dby distillation and/or refining and
optionally further purification  and finishing
processes, the term mineral oil including in particular
the higher-boiling fractions of crude or mineral oil.
In general, the boiling point of mineral oil is hi_gher
than 200°C, preferably higher tham 300°C, at 5000 Pa.
The production by low-temperature c‘arbonization of
shale oil, coking of bituminous coal, distillation of
brown coal with exclusion of air, and also
hydrogenation of bituminous or brown coal is likewise
possible. Mineral oils are also produced in a smaller
proportion from raw materials of vegetable (for example
from jojoba, rapeseed} or animal (for example neatsfoot
0il) origin. Accordingly, mineral oils have, depending
on their origin, different proportions of aromatic,
cyclic, branched and linear hydrocarbons.

In general, a distinction is drawn between paraffin——
base, - naphthenic and aromatic fractions in crude oils
or mineral oils, in which the term paraffin-base
fraction represents longer-chain or highly branched
isoalkanes, and naphthenic fraction represents cyclo-
alkanés. Tn addition, mineral oils, depending on their
origin and finishing, have different fractions of
n-alkanes, isoalkanes having a low degree of branching,
known as mono-methyl-branched paraffins, and compounds

having hetercatoms, inm particular O, N and/or 'S, to
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110 300 1.1 Exanple 8 (C12/14NA -bl ock -MVA 96-4)8 112
800 1.1 Conparative-exanple 1 C12/13/14115MA 16 160
1.3 Conparative exanple 2 C12/13/14/15MA 23 450 1.3
Conparative exanple 3 Cl12/13/14/15/16/ 18VA -co - MVA
90-10 70 510 1.2 Conparative Sanple 4

Gig/ A4 7AAEek%6/ 18MA -co - MVA 90- 10 8(diQ®Pr20b6/065060
Conparative exanple 5 6

which . a degree of polar properties are attributed.
However, the assignment is difficult, since individual
alkane molecules may have both Ilong-chain branched
grbups and cycloalkane  radicals, and aromatic parts.
For the purposes of the present invention, the
asgignment can be effected to DIN 51 378, for example.
Polar fractions can also be determined to ASTM D 2007.

The fraction of m-alkanes in preferred mineral oils is
less than 3% by weight, the proportion of 0-, N- and/or
S-containing compounds less than 6% by weilght. The
propoxtion of the aromatics and of the mono-methyl-
branched paraffins is gemerally in each case in the
range from 0 to 40% by weight. In one interesting
aspect, mineral oil comprises mainly naphthenic and
paraffin-base alkanes which have generally more than
13, preferably more than 18 and most preferably more
than 20 carbon atoms. The fraction of these compounds
is generallyA > 60% by weight, preferably =2 80% by
weight, without any intention that this should impose a '
restriction. A preferred mineral oil contains from 0.5
to 30% by weight of aromatic fractions, from 15 to 40%
by weight of naphthenic fractions, from 35 to 80% by
weight of paraffin-base fractions, up to 3% by weight
of n-alkanes and from 0.05 to 5% by weight o©f polar
coﬁlpounds, "pbased in each case on the total weight of

the mineral oil.

An analysis' of particularly preferred mineral oils,
which was effected by means of conventional processes
sﬁch as urea separation and liquid chromatography on
silica gel, shows, . for example, the following
constituents, the percentages relating to the total
weight of the particular mineral oil used:

n-alkanes having from approx. 18 to 31 carbon atoms:
0.7-1.0%, ‘

‘slightly'branched alkanes having from 18 to 31 carbon

atoms:



10

15

20

25

30

35

C12/ 13/ 14115MA -co - MVA 90-10 79'800 1.5 Conparative
exanpl e 6 C12/13/ 14/ 15MA - bl ock - DVAEMVA 94-6 70 000
1.6 Conparative exanple 7 Cl12/13/ 14/ 15MA - bl ock

- - DVAPMAAM 90- 10 111 000 1.6 Conparative exanple 8-

C12/ 13/ 14/ 15MA 14 740 1.6 Conparative exanple 9
Gig/ @d7A2b3¥a 23 170 2.0 Conparat'i ve gei2k@30d6/dss\ds0
-co - MVA 88-12 22 400 1.9 97 o

1.0-8.0%, .
aromatics having from 14 to 32 carbon atoms:

0.4-10.7%,

~iso- and cycloalkanes having from 20 to 32 carbon

atoms:

-, 60.7-82.4%,

polar compounds:
0.1-0.8%,

lozs:
'6.9-19.4%.

Valuable information with regard to the analysis of
mineral oils and a list of mineral oils which have a
different composition can be found, for example, in
Ullmann’s Encyclopedia of Industrial Chemistry, 5th
Edition on CD-ROM, 1997, under “lubricants and related

products”.

Synthetic oills dinclude organic esters, £for example.
diesters and polyesters, polvalkylene -glycols,
polyethers, synthetic hydrocarbons, ' egspecially
polyolefins, among which preference is given to
polyvalphaclefins (PAQ), silicone oils and perfluoro-
alkyl ethers. They ére usually somewhat more expensive
than the mineral cils, but have advantages with regard

to their performance.

" Natural oils are animal or vegetable oils, for example

neatsfoot oils or jojoba oils.

These oils may also be used as mixtures and are in many

cases commercially available.

The concentration of the star polymers in the oil
formulation is preferably in the range from 0.1 to 40%
by weight, more preferably in the range from 1 fo 25%
by -~weight, based on the - total weight of the

composition.
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Preferred oil formulations have a viscosity measured to
ASTM D 445 at 40°C in the range from 10,tov1201mf/s,
more preferably in the range from 22 to 100 /s .

The oil formulations of the present invention genérally
have a high shear stability, which can be reported
especially as the permanent shear stability index
(PSSI). The PSSI to ASTM D5621 (ultrasound for 40 min)
igs preferably at most 30, more preferably at most 25
and most preferably at most 20. The PSSI measured to
DIN 51350, part 6 (20 h, tapered roller bearing) is
preferably at most 70, more preferably'at most 50 and
most preferably at most 30.

In a particular aspect of the present invention,

preferred oil formulations have a viscosity index which .
can be get in a controlled manner and is determined to
ASTM D2270 in the range from 0 to 300. In a particular‘
aspect of the present invention, the polymers may have
a wviscosity index'of at least 150, preferably at least
200 and most preferably at least 250. In another aspect
of the present invention, the polymers may have a
vigcosity index of at most 100, more preferably at most

50.

High wviscosity indices imply that optionally present
lipophobic repeat units are arranged dlose to the
center of the star polymer. The lipophobic repeat units
include especially methyl (meth)acrylate and ethyl
(meth)acrylate. . .

For other applications, associating properties may be
desirable, for example as a cosmetic,K additive, in order
to enable gelation. Such polymers may therefore be used
especially as gelling égents. In such associating
polymers of low viscosity index, at least one block
which comprisés ~high proportions  0£ lipophobic
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64 000 2.1 Cl12/14 VA, Cl12/13/14/ 15 MA,

Cl12/ 13/ 14/ 15/ 16/ 18 MA stand for a nethacrylate m xture
whi ch has been derived fromthe correspondi ng al cohol
m xture, 5 nethacryl ate, DMAEMA for dinethyl am noet hyl
met hacryl ate and DVAPMAAM f or

Gies dud /Fisaepr opyl met hacryl am de. Thecrugerocedoabucd
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q{EL\éescribed especially in the prior art discussed by
way of introduction, -and these polymers may comprise

dispersing monomers.

The inventive star polymers are preferably used as
viscosity modifiers, pour point improvers, dispersants
and/or friction modifiers. According to the above
description, viscosity'mbdifiers shall be qnderstood to

mean both viscosity index improvers and gelling agents.

The invention will be illustrated in détail hereinafter

.with reference to examples, without any intention that

this shall impose a restriction.

-A) Preparation of the polymers

1. Preparation of the polyfunctional initiators

The 5-arm initiator penta (a-bromoisobutyryl)glucose and
the 8-arm initiator octa(a-bromoisobutyryl)sucrose were
synthesized by a literature method (M.H. Stenzel-~
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Pol ymer content EM PSSI VI DIN 51350, part 6 Exanple 1

18.0 11 157 20 h, tapered Conparative exanple 1 - 24.1

10 156 roller bearing Conparative exanple 8 28.6 8 153

"Exanple 2 16.7 16 ‘ _ :

WO 2007/025837 - PCT/EP2006/065060
- 30 - '

Rosenbaum, T.P. Davis, V. Chen, A. Fane, Macromolecules
34 (2001), 5433) with 73% and 72% yield respectively.
The structure was confirmed in each case by means of
'H NMR, which coincided with  literature data

{M.H. Stenzel-Rosenbaum et al.).

In addition, both initiators were characterized by
means of MALDI-ToF-MS. To this end, the Bruker
Daltonics Reflex 3 with 337 nm N; laser at acceleration
voltage 20 kV was used. The samples were each mixed in
a mass ratio of 2,5-dihydroxybenzoic.
acid/LiCl/initiator = 10/1/1. 100 mol% with  5-fold
functionalization (M + My. = 931 g/mol) were identified

in the case of penta(a-bromoiscbutyryl)glucose, and
- 87 mol% with g~fold - functionalization

(M + Mpi. = 1541 g/mol) and 13 mol% with 7-fold
functionalization (M + My, = 1393 g/mol) in the case of

octa(o-bromoisobutyryi) sucrose,
2. Preparation of the inventive star polymers

An apparatus consisting of 2 1 reaction flask with
dropping funnel, saber stirrer, condenser, thermometer

~and N, feed line was utilized. First, 500 g of monomers

according to table 1 were initially charged together
with 500 g of i-octane in the reaction flask.r
Subsequently, 0.6 g of CuCl, 0.0l g of CuBr; and
initiator (from 25 to ' 2.5 g of

“penta (a-bromoisobutyryl)glucose or octa (e~-bromoiso-

butyryl)sucrose according to the desired number of arms
and desired molecular weight) were added. After
inertizing by passing N, through and heating to 60°C,
1.1 g of pentamethvlenediethylenetriamine were added in
order to start the reaction,_whiéh gave a heterogeneocus
mixture since the complexed catalyst was present only
incompletely dissolved. After .a nqticeable exotherm,
the mixture was allowed to react at 60°C for 6 h, then
at 70°C for 6 h, then at 80°C for 6 h and at 90°C for a’
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further 40 h [in the case of the star (block) PAMA, the.
block comonomer was added dropwise at 90°C within 5 min
and allowed to react at 90°C for a further 40 h]. The
termination was effected by adding 5 ml of a solution
of 10 g/1 of CuBry, 10 g/l of pentamethyleﬁe—
diethylenetriamine and 5 g/l of Irgan0x® 1010 in
i-octane. The reaction solution was pressure-filtered
while warm through an Al;0; column to remove the copper
salt. The product was digested repeatedly with 3 times
the wvolume of methanol and the methanol was decanted
off. Finally, the methanol was drawn off. A solvent-
free 100% viscous to rubberlike polymer was obtained.

3. Preparation of narrow-distribution linear polymers

- all narrow—distribution linear (block) PAMAs apart from

comparative example 7 were prepared by = ATRP.
Comparative example 7 which comprises the copper-
complexing monomer DMAPMAAm was prepared by RAFT.

3.1. Preparation of comparative examples 1 to 6 (ATRP)

an apparatus consisting of 2 1 reaction flask with
dropping funnel, saber stirrer, condenser, thermometer
and N, feed line was utilized. First, 600 g of monomers
according to table 1 [564 g of C12/13/14/15 MA in the
case of the linear block PAMA, comparative'example 6]
were initially charged together with 400 g of 100N oil
in the reaction flask and inertized by adding dry ice
and ﬁassing 3P ‘over. Subsequently, the mixture was
heated to 95°C with stirring.

Dburing the heating operation at about 70°C, 1.1 g of
cuBr and 1.4 g of pentamethylenediethylenetriamine were
added to obtain a heterogeneous mixture, since the
complexed catalyst . was present only incompletely
dissolved. On attainment of the preset temperature of
g95°C,  ethyl bromoisobutyrate‘ (from 7.5 g to 1.5 g
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cycles of Exanple 5 2.7 52 187 .
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according to the desired molecular weight) was added in
order to start the reaction. The mixture was allowed to
react at 95°C for 6 h {[in the case of comparative
exa.m_ple 6, the mixture was allowed to react at 95°C for
2 h, 36 g of DMAEMA were added dropwise within 5 min
and the mixture was allowed to react at 95°C for a
further 4 h]. Subsequently, the mixture was pressure-
filtered while warm to remove the copper salt (Seitz
71000 10 um depth filter). A 60% wviscous solution was

obtained.
3.2. Preparation of comparative example 7 {RAFT)

Comparative example 7 was prepared by RAFT in a 2 1
reaction flask of an apparatus with a dropping funnel,
csaber stirrer, condenser, thermometer and N feed line.
To this end, 540 g of Ci2/13/14/15 MA were initially
charged together with 2.71 g of cumyl dithiocbenzoate,
1.14 g of tert-butyl peroctoate and 400 g of 100N oil
in the reaction flask, and inertized by adding dry ice
and passing N over. 'Subsequently, the mixture was
heated to 85°C. After 5 h, 60 g of DMAFMAAmM were added
‘dropwise. After a further 2.5 h, 0.60 g of tert-butyl-
peroctoate was added and the reaction mixture was
stirred .at B85°C overnight. A 60% reddish viscous

solution was obtained.

4. Preparation of conventional linear polymers

{(comparative examples 8 to 13)

600 g of monomers according to table 1 and N-dodecyl
mercaptan (from 20 g to 2 g according to the desired
molecular weight)  are mixed. 44.4 g of this
monomer/regqulator mixture are filled together with
400 g of 100N oil into the 2 1 reaction flask of an
apparatus with saber stirrer, condenser, thermometer,
feed pump and N, feed line. The apparatus is inertized
and heated to 100°C with the aid of an oil bath. The
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Bosch punp Conparative exanple 12 3.6 50 202 DI N 51382
Table 3 al so shows that, in the case of significantly
better long-term PSSI (DIN 51350, Part 6, 192 h, 15
tapered roller bearing) and sinilar VI, in the case of
the inventive PAVA star in exanple 1 conpared to

GRY VA7 /988kkYy prepared |inear PAVA i pcagepaoas/vEs060
exanpl e 9, the polynmer concentration needed for WO
2007/ 025837PCT/ EP2006/ 0650668 = 37 - KV100 =13.15 m®/s

inaVll-free,. PP I ckage- i Ni

g 5, D 2 L PRS0, e
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e Wi ik |
e eel S e A Y R Bepoiias

visscosi tadded,- 10C Kaadl0 t o YA8TM D44Bzedhour i nt PERS

ASTMAO7) 5015 b6 £ MEN d ANkt W AT efbdrisned PANAD

in conparafive exanple 9.,10 The VIL=free . -
D SR Hlg EHoUESHo! i depPas oA S0l 1 | eEtected
packEgedgoRritailtiong (tesper pamiod PAhRBPtOEY- APIR GRWHF
'éﬂre G%d-fé’r B at%églii(rgﬁar Ridthebasedz0g hydr ogeagkiugs1
ol [~ and pol yal phaaql ef i n h(_f\d éS K\/.l)%o = 5,15 _m?/ '
RERPE o5 3P TP AEEHI WS =37 4% Mot FEB5Ea o
WigdrPPEar- 46C.further 2 h. A 60% clear solution is

obtained.
B. Determination of the molecular weights

The mass-average molecular . welghts M, and the
polydispersity index PDI of the polymers  were
determined by GPC (table 1). The measurements were
effected in tetrahydrofuran at 35°C against a
polyvmethyl methacrylate calibration-curve composed of a
set of 2 25 standards (Polymer Standards Service or
‘Polymer Laboratories), whose Mpeax Was distributed in a
logarithmically uniform manner over the range from
5.10° to 2 - 102 g/mol. A combinatiomn of 6 columns
(Polymer Standards Service SDV 100 A / 2 x SDV
IXL, / 2 x SDV 100 A / Shodex KF-800D) was wused. To
record the signal, an RI detector (Agilent 1100 Series)

was used.

Owing to a star structure—r’elated altered relationship
of hydrodynamic volume and molecular weight My, the
molecular weights M, of the star (block) PAMAs are only

© apparent values. Typically, the values measured for

star polymers are somewhat higher than those of the
conventional or narrow-distribution linear PAMAs of

similar PSSI.

A1l molecular weight distributions of the star polymers

prepared by ATRP ‘were strictly monomodal with no



Tabl e 3: Polyner content with better |ong-term PSS,
conpar abl eVl andconpar abl el owt enperat ure 20

properties. Polymer content Long- term VI BF-40

[mPas] L-10 [nmmR/s) PP PC] [% PSSI Exanmple 1 -

18.4 34 179 40250

WO 2007/025837 PCT/EP2006/065060
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free-radical gstar-star

would be noticeable at

indications whatsoever of

couplings which, if present,
.about double the number-average M,

which would be recognizable by extra peaks toward

or of crosslinking

higher molecular weights.

.Table 1: Polymers used

Composition M., PDI
[g/mol]

Example 1 (C1l2/13/14/15MA) ¢ 29 390 1.2
Example 2 {Cl2/14MA), 35 700 1.1
Example 3 {C12/14¥A}s 89 800 1.2
Example 4 {C12/14MA) g 117 100 1.i
Example 5 (C12/14MA) _ 407 200 | 1.9
Example 6 (C1.2/14MA-block-DMAEMA 94-6), 46 660 | 1.2
Example 7 {C12/14MA-block-VMA 94-6)4 110 300 1.1
Example 8 (Cl2/14MA-block-MMA 96-4}4 112 800 1.1
Comparative C12/13/14/15MA 16 160 1.3
example 1
Comparative C12/13/14/15M4 23 450 | 1.3
example 2 '
Comparative C12/13/14/15/16/18MA~co-MMA | 70 510 1.2
exémple 3 90-10
Comparative Cc12/13/14/15/16/18MA-co-MMA | 80 000 | 1.5
ex’amplé 4’ . 90-10
Comparative €12/13/14/15MA-co-MMA 50-10 79 "800 1.5
example 5 '
Comparative C12/13/14/15MAa-block-DMAEMA 70 000 1.6
example 6 7 84-6
Comparative C12/13/14/15Ma~block-DMAPMAAM | 111 000 1.6
example 7 90-10
Comparative Cl2/13/14/15MAa 14 740 1.6
exanmple 8
Comparative C12/13/14/15MA 23 170 2.0
example 9 7
Comparative C12/13/14/15MA-co-MMA B§-12 22 400 1.9
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-45 2.Evaluation of the frictional properties 25 The
properties of the inventive PAMA bl ock stars as
friction nodifiers were -al so analyzed (table 4). To
this end, the polynmers were adjusted to KV120 = 9.2

- {8/ 8o fdrzkP0N base oi | (BP Ener paredilep2506/065060

formul ati ons were subsequently subjected to 30
friction nmeasurenents vvit'h%spe‘eds in the range from
D005 10 2.5 mSswth the aid of, a tribongeter_ (M hi
Traction Machi ne |3, PCS Iﬁ%"ﬂ‘i"ﬁi‘%ﬁ?s) In the ®burse”of
\D 2007/ 025837PCIl/ EP2006/ 06506Q - 38 - thiisfg/hbl
gopgLatyre was g constant 120C with a load of 30N
| COTTespornas 0o X. Hertz contact pressure U. Y (ra)
Lfrrearadivele/ rol | |r 34261 R4 559 - PRET PEREC o1n§fls({°8d o2
¥pepd 3 52100 steel (dianmeter 40.0 nm_ 5 RMS (root

an _squ uare) rouchﬂcg%%; ?};ﬂg’?%}ﬁ“&g’ﬁ%m%\l\%d G -

haraness ©3, modyl Tas did
fpeamh b |12(d| amet ar 19 0 nm SRS rnlmhnpcc frnm 10lto
| GorBtatROEkVEl | G hap@ness, for 0sm16@-te16m, |meduons| of.1
Dlastim&y 207 GHa) . Asargﬁuit of afrlctlon 10

A CF viy Ih T -+
RperTheit—a ot ucur\ ctt-ve—was UUL al IICU, - OTTITWITT CT1

t he coeff!m ents of friction f were determ ned at 10
n@i§/14 twr,S d1oynd /b hatstiae, | GVENEI Me/RAVAG Lo Ccka s$ieand

LBt 2o RALRS A Iy DMREUN L 0E 5L 26100 QULYELS) o35
comei dermisispopdingr ebedioki éﬁﬂtxrélfrefrn Miponfery H&?]tl'l‘ifﬂe_

.Im@%cfﬁmebl ock smpeyNers gpsepar ediberhgaasinde ARRP

e BATeY © AT fpdnd SO ALty TARTRbSrdoy PO

methac:cylam:.de The numerlcal data regarding the
copolymers are based on the proportion by weight of the
monomers. The indices represent the number of arms

which arises from the initiators used.

C. Evaluation of the pdlymers

In the case of the conventional linear PAMAs and of the
narrow-distribution linear (block) . PAMAs, which were
present only as a solution in 100N carrier oil, the
100N carrier oil ivas—neglec:ted in the formulation and
the formulation oil weight was added in each case.

1. Thickening action of the polymers in relation to

PSSI and VI.

Table 2 demonstrates that, with similar PSSI whether
according to DIN 51350 (part 6, 20 h, tapered roller
bearing), to ASTM D5621 (40 min, wultrasound) or to
DIN 51382 {30 cycles of Bosch pﬁmp)- - and with similar
VI (ASTM D2270) in the case of the inventive PAMA stars
compared to conventionally prepared linear  PAMA
(1.6 < PDI £ 2.7) and narrow-distribution linear PAMA
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Pol ymer content Ps] f Exanple 6 5.6 0.022 Conparative
exanple 6 9.6 0.043 Conparative exanple 7 6.7 0.026
3. Evaluation of the filterability 25 To test the

enpl oyability of the PAMA stars, for exanple, in
particle-free hydraulic formul ations, the anhydrous

figbt g6@biddgae7at pressure 1 bar throughriyegeobé)ee3060

was anal yzed to | SO 13357-2 (table 6). In this 30
test, stage 1 specifies & ﬁﬁorected filterability F1

g e

1 Ty (i} re course o

¥ a [} 0 e
ol t kanematic WYIsOORLOZ588 7P AP EPS008Y 05ED 6D 14 - §omn’ /5,
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3 ymer cont ent

Table 2: Polymer contents for similar PSSI and VI.

Polymer { PSSI VI
content |
[%]

DIN 51350, part 6 Example 1 ' 18.0 11 157

20 h, tapered Comparative example 1 - 24.1 10 156

reller bearing Comparative example 8 28.6 8 153

Example 2 16.7 16 165

Comparative example 2 20.6 17 163

Comparative example 10 22.0 19 155

Example 3 8;6 60 177

Comparative example 3 12.2 59 180

ASTM D5621 ‘ Example 2 16.7 3 165

40 min, Comparative example 2 20.6 2 163

ultrasound ' Comparative example 9 23.8 . 4 159

Exampie 4 : 7.8 28 179

Comparative example 4 | 16.2 27 185

30 cycles of - Example 5 2.7 52 187

Bosch pump Comparative example 12 3.6 50 202
DIN 51382

Table 3 alsgso shows that, in the case of‘ significantly
better long-term PSSI (DIN 5135‘0, part 6, - 192 h,
tapered roller bearing) and similar VI, in the case of
the invéntive PAMA star in example 1 compared to
conventionally prepared linear PAMA in comparative
,exémple 9, the - polymer concentration needed for
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Kvi00 = 13.15 mm?/s in a VII-free, PPD and D/I package-
containing API group III GO f‘omulation is reduced
considerably. It is especially remarkable that the PAMA
star in example 1 also brings about similar low-
temperéture properties (dyvnamic viscosity measured with
Brookfield viscometers at -40°C BF-40 to DIN 513398,
kinematic viscosity at -10°C KV-10 to ASTM D445, pour
poj.nt PP to ASTM D97) ‘to the conventionally prepared

linear DPAMA in comparative example 9.

The ' VII-free, PPD-containing (pour point depressant)
and D/I package-containing {dispersant & inhibitor} API
group IIX GO formualation {gear 0il) based on
hydrocracking oil =~ and polyalphaolefin had
KV100 = 5.15 mm?/s, KV40 = 25.30 mm®/s and VI =137 as

viscometric data with PP = -45°C.

Table 3: Polymer content with better long-term PSSI,

‘comparable VI and comparable low-temperature
properties.
Polyvmer |Long-| VI BF-40 | KV-10 PP
content | term | - [mPas] | [mm?/s] | [°C]
(%] PSST
Example 1 18.4 34 179 40250 1372 -45
Comparative 22.1 45 176 | 41500 1448 -45
example 9
2. Evaluation of the frictional properties

The properties of the inventive PAMA block stars as
friction modifiers were also analyzed (table 4}. To
this end, the polymers were adjusted ta
KVI20 = 9.2 nm?/s with a 150N base oil (BP Enerpar 11).
The formulations were subsequently subjected to
friction measurements with speeds in the range from
0.005 to 2.5 m/s with the. aid of a tribometer (Mini
Traction Machine 3, ‘PCS Instruments).. In the course of.
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66 4.Evaluation of the oxidation stability 15 To test

the oxidation stability (table 7), oxidation tests to

CEC L-48-A-00 (B) (160C, 192 h, air flow 5 |I/h) were

performed with a solution of 5.3% polyner in a

VIl-free, PPD and D/l package-containing APl group I

G f osamic2isiggn, and the relative chang:e:ﬁlpammmo

was determ ned. In addition, on conpletion of

oxi dalti on, the n-hexane-i S8 bl e constituents Is
nsol ubl es from.t ns| e r

(15081 PV QUL SUSPEELAD ML SRR 1oas

p@épaﬁﬂébl I(tfhﬂemsm (éénﬁ%ﬁ’&t i Yerexarfiinéar) We

.25, $yrgwd)si aggadyani1agesrbol the iBAMAE St50%.i TR andil sk

oﬁorb?r%#lrﬁ%r% r‘%?g?%l ‘Ig‘s‘and % %ngiéﬁ‘gﬁ% 63?&? |

: kmm (rost3Fnaee/ BUBATE V| rougbress reFomR r te ot 4ut.

xamlq & naPshdati g8, Shadhldd )bf e\&@stlmty 207 GPa),

2007/ g?P?Fé]FP%gggé%gSOGgg 20 ]%}@/1%9 gﬁ\éjs%orﬁom
Clﬁqﬁnzﬂa\nm, Rockwell C hardness from 58 to 65, modulus
of elasticity 207 GPa). As a result of a friction

'experiment, a Stribeck curve was obtained, from which

the coefficients of friction £ were determined at
10 mm/s.

It is found that the inventive PAMA block star in
example 6 with DMAEMA blocks facing outward, in spite
of a wvery low solids content, gives rise to a
considerably better coefficient of friction f than the
‘linear PAMA block copolymers prepared by means of ATRP
in comparative example 6 and comparative example 7.

Table 4: Frictional properties.

Polymer £
content [%]
Example 6 5.6 0.022
Comparative example 6 9.6 . 0.043
Comparative example 7 6.7 0.026

3. Evaluation of the filterability

To test the employability of the PAMA stars, for
example, in particle-free hydraulic formulations, the
anhydrous filterability at pressure 1 bar through 5 um
filters was analyzed to ISO 13357-2 (table 6). In this
test, stage 1 specifies- a projécted filterability

< 100% from early filtration data, and stage 2 a
filterability F; £ 100% over the entire course of the

filtration.
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‘additive was add&FRTERY4

exanple 11 7.3 19.2 0.92 D)Application as a gelling
agent Table 8 denobnstrates again that, for polyner
sanples of 5 "simlar PSSI - whether according to DIN
51350 (part 6, 20 h, tapered roller bearing) or to
ASTM D5621 (40 min, ultrasound) - for exanple in the
cape 20b7ybessawenti ve PA bl ock stars ircessrmuioe/ 865060
exanple 9 conpared to Ii neﬁ%e PAVA prepared via ATRP in
conparative exanple 3 10 a conparative exanple 5,

t he pol yner concentrati on needed for KvV100 = 14.0
m®P/s in a 150N oil is reduced considerably, It is |
addi tthémaltaptes f&e AAMP refy kKEb| exdmate thelh| bl | Pkk
?%Bct Ut &rpfrddhe PAVA Bbmedn tSilcaad 1w t hoM@adedock3inear
aci ng_out ward _en e hat e L.$COSIty, . ViaA:.. _
S ALY SRR € nr cRB: S tbIE)ZL ) ptbRising

€ associ rve 1Thi cEenl

ng, U
erduphiages [werd dloundy atitht rre@@lr.fg Pt diiditgrabl hoey

t(tﬁaéhetﬂau%ﬂ hirse iglfolﬁzglﬁaEe%bﬁﬂehﬂl LONEHO | oathulavidh hoed
e case of exa and. ex anar e
c&ﬁpé?’aq%e\fe eXd Ighgtan %O%gg%e%iralacﬁl\% eg’(Igrrp §05 and

- HBWRVRrareshlearerdest roys the associ ative effect at 400C
-agai n, recogni zabl e by the observation that PSSIErc >

PSS] 1000s = PSS . . ically, for linear PAMAs,
hBGk%i’}‘ér‘?' 5§§1%§8‘?11¥E‘é5| i son to PSSI400s PSS |sooc 25
The 150N oil_had .KV100 = 5.42 mmP/s, Kv40 = 31.68
m2/ 8 and VI = 1Q%198e¥iiScRf®] I il cxead@. | | nreach case

D. 6% Chevron-Oronite O aga 4992 ar , pr.ot ect,i.on
i[m-m %ﬁblﬁm@z’p rope[:%t]i ed al®*in

associ ati ve thi ¢gkeri&i. Pol yrell_content 19 P$SI VI

- PSSI4006,1Q N 513505 pprt) 6;2% hy tiapered roylen oo

Comparative 5.0 45.4 8.1 g8 66
example 13 '

4. Evaluation of the oxidation stability

To test the oxidation stability (table 7), oxidation
tests to CEC L-48-2-00 (B} (160°C, 192 h, air flow

5 1/h) were performed with a solution of 5.3% polymer

in a VII-free, PPD and D/I package-containing API
group I GO formulation, and the relative change
ARV100.; was determined. In addition, on completion of

oxidation, the n-hexane-insocluble constituents I
(ingolubles) from the suspension were determined
gravimetrically. A comparison with conventionally

prepéred linear PAMA (comparative example 11} showed
surprising advantages for the PAMA star in example 2.

The API group I GO formulation mentioned was based on
paraffinic mineral oil and had KV40 = 21.96 mm’/s,

KV100 = 4.33 mm?/s and VI = 107 as viscometric data.

Table 7: Oxidation stability.
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Exanple 7 6.4 70 27 91 Exanple 8 9.0 67 110 79
Conpar ative exanple 3 12.2 59 180 58 ASTM D5621 40
mn, ultrasound Exanple 7 6.4 26 27 60 Exanple 8

WO 2007/0625837 PCT/EP2006/065060
| - 40 -
KV100 ARV100re1 Is
[m® /s ] (%] 18]
Example 2 5.9 10.4 0.62
Comparative 7.3 19.2 0.92
examplé 13 |

D) Application as a geliing agent.

Table 8 demonstrates again that, for polymer gsamples of
‘similar PSST - whether according to DIN 51350 (part 6,
20 h, tapered roller bearing) .or to ASTM D5621 (40 min,
ultrasound) - for example in the case of the invemntive
'PAMA block stars in example 8 and example 2 compared to
linear PAMA'prepared via ATRP'in-comparative example 3
and comparative example 5, the polymer concentration
needed for KV100 = 14.0 mm?/s in a 150N oil is reduced
considerably. It is additionally especially remarkable
that the block like structure of the PAMA block stars
with MMA blocks‘ facing outward ensures. that the

viscosity, via reversible associative thickening, can

rise to an exceptionally high 1level at reduced
temperature (40°C) (table 8). This is reflected in
.controlled low VI in the case of example 7  and
example § compared to comparative example 3 and
'comparative example 5. However, shear destroys the
associative effect at 40°C again, recognizable by the
observation that PSSIgoec > PSS8Iigoec = PSSI. Typically,
for linear PAMAS, however, PSSTI pec = PSSIjgoec to

PSSTIsp0c £ PS8SIjipoec.

The 150N oil had KV100 = 5.42 mm?/s, KV40 = 31.68 mm’/s
and VI = 105 as viscometric data. In each case 0.6%
Chevron-QOronite Oloa 4992 wear prote;tion additive was

added.
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42 Clains 1. A polyner conprising 50-100% by wei ght,
based on the wei ght of the pol yner, of repeat
units which 5are derived fromone or nore o

et hyl eni cal | y unsaturated ester conpounds of the

f 96 @7 Ad2s837 10i n which R is hydrogescmmer2e0byb 6560
is a linear or branched al kyl radical having from?7 to
30 carbon atons, R2 and R3%ré& each independently

THSEoRSD, G RAUSRNE oL LS USROGt o

carbon atoms., characterized in that the polyner is a

star pol yner having from 3 |tRidd-arimssand| a | edsbss..
pf the arnms conprise at |edst 40% Ky wei ght, baged on

t he .| content
|18

DIN 51350, ‘Example 7 6.4 70 27 91
part 6 Example 8 9.0 67 110 - |79
20 h, tapered Comparative 12.2 - 158 180 58
roller bearing example 3

ASTM Db62L Example 7 6.4 26 27 60
40 min, Example 8 9.0 23 116 28
ultrasound Comparative 10.2 26 185 25

example 5
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20 wei ght of the arms, of repeat units which derive
fromone or nore ethylenically unsaturated ester
compounds of the formula (1) R2 0 25 in which Ris
hydrogen or nethyl, R is a linear or branched al kyl

radi cal having from7 to 30 carbon atons, R2 and R3

are each i ndependently hydrogen or a group of the
formula -COOR in which R ks ©°43 hydrogen or an al kyl
group having from7 to 30 carbon atons, that the

dAQiyer is prepared by controlled 5 polynerization
proceedi ng froma pol yfunctional initiator, that the
nunber of arms depends on the nunber of functions that
it.he imni pobaiyme rhassmpanids firftat 50ké 00éntley ek ighe ,Stlagsed on
pol yner, has. no r ef, ly_ at t .25 on,. :
atongsmﬁogﬁﬁgﬁgafﬁihgg%olﬁﬁ?@%ﬁ?si?? ﬁ&%%ﬁtisuéﬁEghgthh
rangé@Xe ondérdved 2.{gomand onigat ©he podsarer effdylegpicelly
30% hy, i ghte f JRRGA IS @He £ dakived £rom

di spersing nmononers 15 (I1I'l),, and that the dispersing
nmononer is a dispersing (neth)acryl ate based on an

al cohol R7-0H oR a (neth)acryl ani de based on an am ne
R7- NR8-H, RA that R7_d.s; i ndependently a group ich
conprises fr “‘carbon atoms and has at (east

one 20heteroatomappd in that R8 is independently
hydrogen or aR§roup having from1 to 20 carbon atons.

2. The polyner as clainmed in claim1, characterized in
that the R7 radical conprises at |east one group of 25

t he fier iz GRG OrhydNRERBn 6A wbiaklt he'RBsradildaksr or

are each independently hydrogen or a_group havi fro
1to f@nfg$%%ﬁ§g¥§gs?¥§}¥?ge ﬁ%ﬁ?ﬁ%rfggmclafﬁ%d%gncargbn
cl ai mtbmer, R® 3@ccHdr acterdadd imdepenndemel pohydepghas or
a filtegapilitygof | east,, PO% _ d on, a pyiQrecked
filtgrag?FFFy %sta%@él) to]fSO 13357-2. 4. Thelpolyrrerls
as chadfegeinn &F | edst ey bf FFRUP 44hpydeedi fgom 7  to

cl ai g, ghakactenged in that the star pol ynmer has
from5 to 12 arns. 5. The polyner as clainmed in at

| east one of the
characterized in that the polymer is a star polymer

having from 3 to 21 arms and at least 3 of the arms
comprise at least 40% by weight, based on the
weight o¢f the arms, of repeat units which derive
from one or more ethylenically unsaturated ester

compounds ¢f the formula (I)

R

R3
/ OR1 )

RZ O

in which R is hydrogen or methyl, R' is a linear or
branched alkyl radical having from 7 to 30 carbon
atoms, R? and R?® are each independently hydrogen or

a group of the formula -COOR' in which R' 1is
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5 preceding clains, characterized in that the star

pol ymer has a wei ght-average nol ecul ar wei ght Mwv in

the range from 25 000 to 150 000 g/nol and a

pol ydi spersity MM Mh in the range from1.0 to 1.3. 10

6. The polynmer as clainmed in at |east one of the
precedi ng clains, characterized in that the pol yner

has fromO0.1 to 40% by wei g/t of repeat units which °
are derived fromone or nore ethylenically unsat ur at ed

este conpounds of_the.formul a [
i CRYBTTRORY aRERGE ardyy 0 ¢17Y® IWAlRgken e | to 30
nmet hylkrRén sitansi,near or radlcalhaV|ngfronﬂt060arbon
20 atoms,R5 and R6 are each independently hydrogen or
agr oupof t hef or nul a- COOR"i nwhi chR'i s
hydr@géﬁoraﬁbﬁkyﬁgﬂdﬁﬁﬁaviﬂ@froﬁi@@ﬁredcaﬁbbn gPBREoLl1led
25 Tpo1TheralyiBiasclRidJmdidiald east@neoht hgolyfunctional
initiator, that the number of arms depends on the
number of functions that the initiater has, and
that the center of the star polymer has at most 50,
preferably at most 25 carbon atoms,
and that the polydispersity M,/M, 1s in the range

from 1.0 to 2.0, and

that the polymer has up to 30% by weight of repeat
units which are 'derived from dispersing monomers
(ITII)+=, and that the dispersing monomer 1is a
dispersing {meth)acrylate based on an alcohol R’-OH
or a (meth)acrylamide based on an amine R'-NR°-H, in
that R’ is independently a group which comprises
from 2 to 10 carbon atoms and has at least one
heteroatom and in that R® is independently hydrogen

or a group having from 1 to 20 carbon atoms.

The polymer as claimed in claim 1, characterized in
that the R’ radical comprises at least one group of
the formula -OR® or -NR®R®, in which the R® radicals
are each independently hydrogen or a group having

from 1 to 20 carbon atoms.

The polymer as claimed in claim 1 or 2,
characterized in that the polymer has a
filterability of at least 90%, based on a projected
filterability (stage 1) to ISO 13357-2.

The polymer as claimed in at least one of the
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Ssegneéhts ha

precedi ngcl ai s, charact eri zedi nt hatt hestar pol yner has
at least two blocks. 8. The polyner as clained in
claim?7,characterized in 30 that the star pol yner has
atl east one lipophilic and one |ipophobic block. 450
9. The polyner as clained in claim8, characterized in
that at | east one |ipophobic block has at |east 50% by
wei ght, based on the wei ghtgpof the block, of repeat °
units which are derived fromone or nore ethylenically

unsaturated _este conmpoun ds_ .of the f rnula (1),
disngglﬁg Hgnoﬁé?%m?1llﬁ Il S AT el c&%%%o%ge star
accopdilggetrohgsodpoful ¥) toTAE p@h@ner as claimed in
claim8 or 9, characterized in that the polyner,
within a Iiﬁophoblc bl ock, dlsplays | i pophobi c

VIRGT arnd § ntcdgermeskgriint aF enteds gr edter afhahne

or e?h&@beﬂ@né dDeiRe) Yz ax-tdbiied iR athdeasiheOnstar
of clains 10, characterlzed in

hat
| i poBROBIMETLIGSK 3 swe‘a]rqlh’hgae‘ﬁe%%%em?Le?HeaEeH?égth y in
Vi SCoikt y;:ialﬁ@ex |m:@ireas251g)(m artqnol ye®ro0Thg/pol ynend a
as cla

chargcg rlzéﬁr lt?ﬁ gﬁ}lpopjﬂ%ﬂi &qégﬂlls arranged

close to the end of the armof a viscosity

el nde hiencgsﬁfgﬂrn]eg sfar QY . 1hhe,pol yaRs+ as, alorfedthe

in clarm d 12, characterized in that the poly
i s aPFafgedngl 648116 1t Kb atattaTigech 11 pephbbE ebpeéb(mer

CONPhh§i Fgom b'ghﬂ@“ﬂﬂﬂbeWWéigﬁﬂmbpfr@pé@t units which
et hyl eni c qigted ester conpounds o

f or niF& (I#ﬁy%% 3 heP*Eonoone S5t g?BhBT?FVfally
and anbapophobdcebteekemhpohnﬁs der ithed foromla (IT1)

di spersing nononers (I11) close to the end of the arm
46 that the lymer is a star polynmer having from3 to
21 arns and | east 3 of the arnms conprise at | east

40% by L ght | _basggdon the weight of the arneﬂ)of
repeat uni heh-derive fromone or nore '
5et hyl eni cal_l y saturated ester conpounds of the
formul a (I?~5

in which R is hydrogen or methyl, R* is a linear or
branched alkyl radical having from 1 to 6 carbon
atoms, R®> and R® are each independently hydrogen or
a group of the formula -COOR'' in which R'' 1is
hydrogenn or an alkyl group having from 1 to 6

carbon atoms.

The polymer as claimed in at least one of the
preceding claims, characterized in that the star

polymer has at least two blocks.

The polymer as claimed in claim 7, characterized in
that the star polymer has at least one lipophilic
and one lipophobic block.
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10 15 in which branched atons, agroup hydrogen carbon
thatthe 1 R20 Ris hydrogen or nethyl , R is a linear

or

al kyl radi cal having from 7to 30carbon R2 and R3

are each independently hydrogen or
of t hef or mul a- COOR i nwhi chR i s
or anal kyl gr ouphavi ngf r onivt 030 at ons,

st ar pol yneri sprepar edbycontg=l | ed o
free- radicalpolynerizationproceedingfrona

9po & nct| naI initi aract rized in that d
hunb ﬁfﬁ]?rdé‘ﬁer? rﬁenn‘a P of ‘F}&ﬁ{:?%ﬁﬁlﬁﬁ in

thatthhe HM|ﬂEaB¢rdmaakmpbpﬁunldthﬂ@mknmﬁsoéttheast 50%

10.

11.

12.

13.

14.

by weight, based on the weight of the block, of
repeat units which are derived from one or more
ethylenically unsaturated ester compounds of the
formula (II), dispersing monomers (III) and/or

further comonomers according to group (IV).

The polymer as claimed in claim 8 or 9,
characterized in that the polymer, within a
lipophobic block, displays lipophobic segments
having an integer segment length greater than or

equal to 3.

The polymer as claimed in at least one of claims 8
to 10, characterized in that the lipophobic block
is arranged close to the center of a viscosity

index—increasing star polymer.

The polymer as claimed in at least one of claims 8
to 10, characterized in that the lipophobic block
is arranged close to the end of the arm of a

viscosity index-increasing star polymer.

The polymer as claimed 1in <c¢laim 11 and 12,
characterized in that the polymer is arranged close
to the center of a lipophobic block comprising a
high proportion of one or more ethylenically
unsaturated ester compounds of the formula (II)
and/or further comonomers of group (IV), and a
lipophobic block which is derived from dispersing

menomers (III) close to the end of the arm.

A process for preparing polymers characterized in
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star

pol ynmer has at nost 25 carbon atons, and t hat

the polynerization is perfornmed in the presence of an

oi |

25 15. Anoil fornul ati onconpri si ngst arpol yners

obt ai nabl e by a process as clained in claim14. 16.
Theoi | f or mul ati onascl ai nedi ncl ai m 15, characteri zed
inthat the oil fornmulation conprises 30 from1 to

25% by wei ght of star polyngts obtainable by a °
process as clainmed in claim14. 47

15.

le.

that the polymer is a star polymer having from 3
to 21 arms and at least 3 of the arms comprise at
least 40% by weight, based on the weight of the
arms, of repeat units which derive from one or more
ethylenically unsaturated ester compounds of the

formula (I)

R

R3
A~ R U}

R2 O

in which R is hydrogen or methyl, R! is a linear or
branched alkyl radical having from 7 to 30 carbon
atoms, R? and R® are each independently hydrogen or
a group of the formula -COOR' in which R' 1is
hydrogen or an alkyl group having from 7 to 30
carbon atoms,

that the star polymer 1is prepared by controlled
free-radical ©polymerization proceeding from a
polyfunctional initiator, characterized in that the
number of arms depends on the number of functions
that the initiator has, and that the center of the
star polymer has at most 25 carbon atoms, and that
the polymerization is performed in the presence of

an oil.

An oil formulation comprising star polymers

obtainable by a process as claimed in claim 14.

The o0il formulation as <c¢laimed in claim 15,
characterized in that the oil formulation comprises
from 1 to 25% by weight of star polymers obtainable

by a process as claimed in claim 14.
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17. The oil formulation as clained in clains 15 and

16, characterized in that the PSSI to ASTM D5621
(ultrasound for 40 mn) is less than or equal to 25
5and/or the PSSI to DIN 51350 part 6 (20 h, tapered
roller bearing) is less than or equal to 50. 18. The
oil fornmulation as clained in at | east one of clains

15 to 17,characterized in tytat the 10viscosity index o
is within the range fromO to 300. 19. The oil
formulation as clained in at |east one of clains 15 to
18, characterized in that the oil fornulation is a
17ubr Thantidi Iforeurhatdtonoms kScaimeni nimngb@'sr@S oldsanf 16,

AP Egﬁgclcelrkked' iy 1Y and/ Ul s if@f’M D5621

| ubri’c mul ati on as alm
char delsrpsedndn fosad Ot e ) uldrs @S dJr}FaTQCPJf o@%‘ﬂﬁht?‘én%

CoWéhﬁ?%rattHeeqSéSPn@oa@QNt sonalh addid ive(ahigh tSpered
not a star E ynmer as clainmed in clains

The FABAEEa ?aaﬁpgﬁoﬁﬁuﬁsﬁﬁoﬁ 88 OratHedli ﬁOZé%clalm

20, characterized in that the additive is based on a

i ne poI al th)acryl at.e Vi m 3
18ar ok FHrRhELEnGE araube ot ThE g W of
pol ynréesmaslél aied il,at tbasacoaeizedof ime that the
pfeC$958859k 'Eﬁd t951§1@ﬁlﬁlﬁg%2?5f h B Fibe10S 0P 30 .

i nt rnprov i spersants an | ction
nDdl fiers.

19. The o0il formulation as claimed in at least one of
claims 15 to 18, <characterized in that the oil
formulation is a lubricant oil formulation,
containing base oils of API group I, II, III, IV
and/or group V.

20. The 1lubricant oil formulation as «c¢laimed in
claim 19, characterized in that the lubricant oil
formulation comprises at least one additional
additive which is not a star polymer as claimed in

claims 1 to 13.

21. The lubricant oil formulation as <claimed in
claim 20, characterized in that the additive 1is
based on a linear polyalkyl (meth)acrylate having

from 1 to 30 carbon atoms in the alcohol group.

22. The use of star polymers as claimed in at least one
of the preceding c¢laims 1 to 13 as viscosity
modifiers, pour peoint improvers, dispersants and/or

friction modifiers.





